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This  report  describes  a computer  simulation  of  the  Air  Traffic  Control 
Radar  Beacon  System  (ATCRBS) . Operating  on  real  air  traffic  data  and 
actual  characteristics  of  the  relevant  ground  interrogators,  the 
FORTRAN  program  re-enacts  system  operation  in  a pulse -by-pulse  manner] 
The  level  of  detail  thus  incorporated  into  the  program  structure 
enables  a computer-generated  representation  of  the  air  traffic  con- 
troller's display  to  be  produced.  The  versatility  of  the  simulation 
model  is  further  evidenced  by  the  incorporation  of  program  modifica- 
tions which  also  make  possible  investigation  of  the  Discrete  Address 
Beacon  System  (DABS).  These  program  modifications  permit  examination 
and  evaluation  of  the  effectiveness  of  DABS  interrogations  in  an 
ATCRBS  environment.  Results  of  simulation  of  DABS  operation  in  a 
1980  interrogator  environment  are  furnished  in  this  document. 

Volume  I contains  the  text;  Volume  II,  appendixes. 
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formance of  the  Air  Traffic  Control  Radar  Beacon  System  (ATCRBS) 
and  to  develop  a Discrete  Address  Beacon  System  (DABS).  Mr. 

Kleiman  is  Chief  of  the  Beacon  Systems  Projects  Office  in  the 
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Institute  of  Technology)  Lincoln  Laboratory  are  very  much 
appreciated. 

The  computer  services  provided  by  the  Boston  Data  Center  of 
Control  Data  Corporation,  particularly  through  the  efforts  of 
James  Crook,  have  proven  indispensable  throughout  development  and 
application  of  the  simulation  program. 

Paul  Manning  of  TSC’s  Beacon  Systems  Projects  Office  has  made 
many  suggestions  and  supplied  numerous  technical  explanations  that 
have  helped  make  the  report  more  cohesive. 

Finally,  the  authors  are  deeply  indebted  to  Leon  Tritter, 
technical  writer  with  the  Raytheon  Service  Company,  whose  services 
have  been  invaluable  throughout  the  development  of  this  report. 
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the  content  of  numerous  technical  briefings,  his  careful  attention 
to  detail,  and  his  devotion  to  the  projp'-'i  have  resulted  in  the 
logical  flow  of  information  set  forth  on  the  pages  that  follow. 
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1,  INTRODUCTION 


The  Transportation  Systems  Center  (TSC)  has  been  involved 
since  July  1970  in  an  effort  to  improve  the  performance  and  opera- 
tion of:  the  Air  Traffic  Control  Radar  Beacon  System  (ATCRBS)  in 
support  of  the  Federal  Aviation  Administration  (FAA).  Both  the 
present  Second  Generation  Air  Traffic  Control  System  and  the 
semiautomated  Third  Generation  System  now  being  implemented  by  the 
FAA  depend  primarily  on  the  ATCRBS  to  provide  information  for  air 
traffic  controllers  about  the  position  and  identif ication  of 
transponder-equipped  aircraft.  The  ATCRBS  makes  possible  automatic 
reporting  and  display  of  aircraft  altitude  and  identity  for  either 
the  en  route  [National  Airspace  System  (NAS)]  or  terminal 
[Automated  Radar  Terminal  System  (ARTS)]  portion  of  the  Third 
Generation  ATC  System.  This  automatic  reporting  capability  is 
essential  for  the  efficient  operation  of  the  Third  Generation 
System,  whose  objective  is  to  provide  safer  and  faster  ATC  services 
despite  increasing  air  traffic  density.  (Since  many  descriptions 
of  the  ATCRBS,  its  problems,  and  potential  solutions  to  those 
problems  have  appeared  in  the  literature,  a system  description  is 
not  included  in  this  document.  Readers  unfamiliar  with  the  opera- 
tion of  the  ATCRBS  are  encouraged  to  read  the  article  by  Ashley* 
and  to  consult  the  extensive  bibliography  contained  therein  for 
supplementary  background  material.) 

One  of  TSCs  initial  contributions  to  the  solution  of  problems 
encountered  in  the  daily  operation  of  ATCRBS  consisted  of  the 
design  and  imp1 ementation  of  a computer  Simulation  of  the  Air 
Traffic  Control  Radar  Beacon  System  (SOAR),  which  was  conceived  as 
a means  of  analyzing  system  problems  and  testing  solutions  to  them. 
The  power  of  SOAR  was  quickly  recognized,  however,  to  encompass 


Ashley  et  al.,  "System  Capability  of  Air  Traffic  Control  Radar 
Beacon  System,"  Appendix  E-5,  Report  of  Department  of  Transporta- 
tion Air  Traffic  Control  Advisory  Committee,  Vol.  2,  Appendixes, 
December  1969. 
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not  only  the  present  and  improved  beacon  systems,  but  also  the  pro- 
posed Discrete  Address  Beacon  System  (DABS)  that  would  evolve  from 
ATCRBS.  As  a result,  TSC  was  asked  in  1972  to  modify  SOAR  for 
investigation  of  several  phenomena  of  interest  to  the  FAA  and  to 
the  MIT  Lincoln  Laboratory  in  the  development  of  DABS. 

This  publication  documents  SOAR  and  its  application  to  the 
investigation  of  DABS  as  noted  in  the  following  brief  summary: 

a.  Section  2 contains  a general  description  of  SOAR  and  its 
logic?*  i flow. 

b.  Section  3 presents  in  detail  the  transponder  model 
originally  developed  for  SOAR. 

c.  Section  4 discusses  the  DABS  investigations  undertaken, 
the  simulation  modifications  involved,  and  the  numerical  results 
achieved. 

d.  Section  5 states  the  conclusions  of  the  investigations. 

e.  Appendix  A contains  a technical  development  of  the 
transponder  reply  rate  limit  control  model. 

f.  Appendices  B and  C contain  listings  of  the  computer  pro- 
grams used  to  obtain  numerical  results  for  the  investigation  of 
two  DABS  phenomena. 

g.  Appendix  D provides  definitions  of  parameters  used  in 
tables  B-l  and  C-l. 
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2.  DESCRIPTION  OF  SOAR 


2.1  GENERAL  BACKGROUND 

The  Transportation  Systems  Center  (TSC)  has  conceived,  de- 
signed, and  implemented  a simulation  model,  SOAR,  which  deals  with 
situations  similar  to  those  experienced  in  real  time  by  the  ATCRBS. 
The  model  accepts  simulated  inputs  analogous  to  real- time  air 
traffic  situations  and  ground  interrogator  environments,  and, 
after  processing  them  through  the  simulation  system  components, 
provides  outputs  which  are  determined  by  the  various  inputs.  The 
outputs  thus  obtained  contain  data  which,  on  analysis  and  inter- 
pretation, suggest  the  means  for  solving  problems  which  are  in- 
herent in  the  ATCRBS  and  which  are  introduced  into  the  model  as 
parametric  inputs.  The  computer  program  for  SOAR  is  written  in 
FORTRAN  [CDC  (Control  Data  Corporation)  6600  Extended  FORTRAN, 
Version  3.0],  which  provides  for  flexibility,  detail,  and  con- 
venience. 

2.2  BASIC  OPERATION  OF  SOAR 

a.  The  simulation  model  is  designed  to  investigate  conditions 
consistent  with  actual  conditions  at  a typical  ATCRBS  site.  Thus, 
the  simulation  model  considers  operations  involving  many  inter- 
rogators and  transponders  within  a given  area  (e.g.,  the  terminal 
area),  a number  of  different  types  of  antennas,  ground  receiver 
equipment,  target  processors,  and  actual  aircraft  and  interrogator 
characteristics.  The  operations,  which  include  transmissions  and 
replies  from  the  numerous  interrogators  and  transponders  respec- 
tively, all  occur  within  an  interval  of  time  known  as  a simulation 
cycle.  This  cycle  represents  the  length  of  time  between  successive 
interrogations  from  the  interrogator  of  interest,  the  interroga- 
tor to  which  all  transponder  replies  are  assumed  co  return.  For  a 
typical  case,  in  which  an  interrogator  transmits  pulses  to  a trans- 
ponder at  a rate  of  400  interrogations  per  second,  a simulation 
cycle  is  equivalent  to  an  interrogation  repetition  period  of  2.5 
milliseconds. 
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b.  Operation  of  the  simulation  model  is  based  on  the  follow- 
ing factors: 

(1)  Restriction  of  all  transmissions  and  replies  from 
interrogators  and  transponders  to  the  time  interval 
within  the  simulation  cycle 

(2)  Simultaneous  incrementing  of  antenna  rotation  for 
each  interrogator  at  the  beginning  of  each  simulation 
cycle 

(3)  Selection  of  one  of  the  interrogators  as  the  interro- 
gator of  interest,  i.e.,  the  one  which  records  on  its 
display  the  effects  of  transponder  replies  to  its  own 
interrogation  as  well  as  transponder  replies  elicited  by 
other  interrogators 

(4)  Storage  and  final  tabulation  of  data  from  the  displays 
caused  by  interrogations  and  replies  from  all  the  other 
interrogators  and  all  the  transponders. 

c.  At  the  beginning  of  a simulation  cycle,  all  the  antennas 
at  the  respective  interrogators  are  rotated  by  an  incremental 
amount  from  their  previous  position.  From  this  point  in  time 
until  the  end  of  the  simulation  cycle,  all  aircraft  and  interroga- 
tors remain  motionless.  During  the  interval,  interrogation  pulses 
are  sent  out  from  the  interrogator  of  interest  and  from  the  other 
interrogators  (as  determined  by  program  logic) , and  transponder 
replies  are  indicated  on  the  display  of  the  interrogator  of  inter- 
est. (Only  indications  on  the  display  of  the  interrogator  of 
interest  are  considered.)  The  replies  from  the  respective  trans- 
ponders are  valid  only  for  the  interrogations  sent  out  by  the 
interrogator  of  interest.  Nevertheless,  transponder  replies  and 
suppressions  caused  by  all  other  interrogators  in  the  area  of 
concern  are  also  tabulated  and  ordered  in  a manner  suitable  for 
evaluation.  (The  latter  transponder  replies  are  valid  for  the 
interrogators  which  triggered  them.  With  respect  to  the  interro- 
gator of  interest,  however,  they  constitute  spurious  replies  which 
cause  beacon  interference.) 
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2.3  BLOCK  DIAGRAM  DISCUSSION  OF  SOAR 

2.3.1  General  Structure 

The  simulation  model  functions  in  accordance  with  the  event 
sequence  indicated  in  the  block  diagram  of  figure  2-1.  Except  for 
the  establishment  of  initial  conditions  and  the  operations  inherent 
to  the  input,  all  the  other  operations  involved  in  the  simulation 
are  performed  within  the  simulation  cycle  interval  (defined  in  para- 
graph 2. 2. a).  Initial  conditions  are  established,  inputs  are  applied 
to  the  simulation  model,  and  the  events  constituting  the  simulation 
cycle  are  sequenced  as  described  in  the  following  paragraphs. 

2.3.2  Input 

The  input  portion  of  the  simulation  model  has  initial  condi- 
tions read  in  as  program  data,  typical  of  which  are  the  following: 

a.  Characteristics  of  all  ground  interrogators 

b.  Characteristics  of  horizontal  and  vertical  radiation 
patterns  of  directional  and  omnidirectional  antennas 

c.  Position  and  attitude  of  all  aircraft  as  functions  of 

time 

d.  Transponder  parameters 

e.  Defruiter  gate  length 

f.  Target  detection  criteria 

g.  Display  characteristics. 

Data  and  signal  inputs  are  processed  through  the  simulation  system 
components  to  provide  the  outputs  related  to  the  OUTPUT  block  of 
figure  2-1. 

2.3.3  State  Update 

The  state  update  operation  begins  the  simulation  cycle.  At 
the  beginning  of  a simulation  run,  the  input  data  referred  to  in 
paragraph  2.3.2  provide  the  initial  conditions  on  which  the  first 
simulation  cycle  loop  operation  (figure  2-1)  is  based.  On  com- 
pletion of  the  first  loop  operation,  coincident  with  completion  of 
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Figure  2-1.  General  Simulation  Flow 
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the  first  simulation  cycle,  the  output  portion  of  the  loop  feeds 
back  information  to  the  state  update  portion,  causing  the  succeed- 
ing simulation  cycle  to  be  initiated.  Successive  loop  operations 
follow  until  the  simulation  run  is  completed.  During  the  state 
update  interval,  at  the  beginning  of  a simulation  cycle,  a time 
counter  is  incremented.  In  addition,  the  pointing  directions  of 
all  interrogator  antennas  are  incremented,  and  the  position  and 
attitude  of  each  aircraft  are  updated  in  accordance  with  the 
specified  flight  profile  of  the  aircraft.  Each  interrogator 
antenna,  which  has  been  initially  set  to  an  arbitrary  azimuth 
angle,  is  rotated  by  an  increment  according  to  its  rotation  rate. 
The  state  of  each  aircraft  can  be  kept  as  it  was  for  the  initial 
input,  or  it  can  be  modified  at  an  arbitrarily  selected  number  of 
updating  times.  The  motion  of  an  aircraft  in  a few  milliseconds 
will  not  materially  affect  the  system  output  of  the  simulation 
model.  Therefore,  instead  of  providing  an  update  at  every  simula- 
tion cycle,  and  hence  at  every  sweep,  the  simulation  model  user  can 
choose  an  update  interval  equal  to  an  integral  number  of  sweeps. 

[A  sweep  refers  to  an  interrogation  repetition  period.  Therefore, 
for  a moderate  number  of  updates,  say  20,  and  for  an  interrogation 
repetition  frequency  of  400  interrogations  per  second  (or  2.5- 
millisecond  interrogation  repetition  period),  the  update  interval 
will  be  50  milliseconds.  This  interval  will  not  greatly  affect 
the  changing  position  and  attitude  of  the  aircraft.  At  the  same 
time,  relaxing  of  the  updating  frequency  requirement  helps  to  save 
computer  processing  time  for  the  simulation  run.] 

2.3.4  Link  Calculations 

a.  The  next  step  in  the  processing  of  inputs  to  the  simula- 
tion model  involves  determination  of  the  parameters  which  describe 
the  propagation  of  pulses  between  ground- site  interrogators  and 
aircraft  transponders.  The  following  parameters  are  computed  in 
this  portion  of  the  processing: 

(1)  Signal  propagation  time  between  each  interrogator 

and  each  aircraft 
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(2)  Power  attenuation  of  interrogator  pulses  (Pj  and  P3) 
due  to  the  vertical  radiation  pattern  of  the  interrogator 
antenna 

(3)  Attenuation  of  SLS  (side-lobe  suppression)  pulses 
(Pj)  due  to  the  radiation  pattern  of  the  omnidirectional 
antenna 

(4)  Attenuation  of  all  pulses  due  to  free  space  loss  and 
to  the  radiation  pattern  of  the  aircraft  antenna. 

b.  The  link  calculation  function  can  be  bypassed  under  the 
following  conditions: 

(1)  The  state  of  an  aircraft  is  not  updated  for  one  or 
more  sweeps. 

(2)  The  effect  of  interrogator  pulse  attenuation  due  t.o 
horizontal  rotation  of  the  interrogator  directional 
antenna  (during  the  non-updated  sweep  period)  is  accounted 
for  in  a subsequent  part  of  the  simulation  program. 

The  following  discussion  provides  additional  data  on  these  criteria. 

c.  During  a non-updated  sweep  interval,  the  elevation  angle 
of  the  interrogator  directional  antenna  will  remain  fixed,  and  the 
aircraft  transponder  will  stay  fixed  with  respect  to  both  the 
ground  and  its  position  in  the  previous  simulation  cycle.  There- 
fore, the  strength  of  signal  contributed  to  the  transponder  by  the 
interrogator  beacon  antennas,  omnidirectional  and  directional,  is 
constant  for  the  conditions  stated. 

d.  If  only  the  above  parameters  were  involved,  the  link 
calculation  portion  of  the  simulation  program  could  be  bypassed 
from  the  state  update  to  the  interrogation  section  of  the  program 
without  further  consideration  of  other  parameters.  However,  during 
every  sweep  the  interrogator  directional  antenna  rotates  in  a 
horizontal  plane.  The  directional  signals  transmitted  to  the 
transponder  are  therefore  attenuated  with  change  in  position  be- 
tween the  transponder  and  the  center  line  of  the  transmitted 
directional  beam. 
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e.  Even  with  this  antenna  rotation  parameter,  the  link  cal- 
culation function  can  still  be  bypassed,  for  a non-updated  sweep 
interval,  from  the  state  update  to  the  interrogation  section. 

This  can  be  done  by  computing,  for  every  sweep,  the  attenuation  of 
the  Pj  - P3  pulses  due  to  the  horizontal  radiation  pattern  of  the 
rotating  antenna.  The  computation  will  be  accomplished  in  the 
interrogation  portion  of  the  simulation  program. 

2*3.5  Interrogation 

a.  The  interrogation  process  consists  of  determining  the 
time  and  mode  of  all  interrogations  that  occur  during  the  present 
simulation  cycle,  and  the  time  of  arrival  and  power  of  each  inter- 
rogation pulse  at  each  transponder.  This  process  is  performed 
serially  with  the  transponder  operation  process  to  minimize 
storage  of  interrogation  data.  Thus,  the  effect  of  all  interroga- 
tors on  one  transponder  is  computed,  and  the  resulting  transponder 
replies  are  stored.  (The  number  of  replies  is  considerably  fewer 
than  the  number  of  interrogation  pulses  received.)  The  time  of 
arrival  and  power  of  interrogation  pulses  at  each  of  the  other 
aircraft  are  then  computed  in  sequence. 

b.  The  determination  of  time’  of  arrival  of  interrogation 
pulses  is  a complex  process  because  of  the  many  combinations  of 
pulses  that  may  fall  into  a particular  simulation  cycle.  In  the 
interrogation  portion  of  the  program,  time  of  interrogation  is 
defined  as  the  time  of  transmission  of  a Pj  pulse.  Time  of  arrival 
at  a transponder  is  therefore  the  time  of  transmission  plus  pro- 
pagation time.  Any  pulse  transmitted  by  an  interrogator  during  the 
present  simulation  cycle  is  assumed  to  arrive  at  a transponder 
between  the  time  it  is  transmitted  and  25  microseconds  before  the 
end  of  the  next  simulation  cycle.  Thus,  an  interrogation  near  the 
end  of  the  present  simulation  cycle  still  has  sufficient  time  to 
reach  an  aircraft  more  than  two  hundred  nautical  miles  away.  The 
response  of  such  an  aircraft  is  processed  during  the  next  simula- 
tion cycle,  since  uplink  pulse  arrival  times  (and  corresponding 
pulse  powers)  which  occur  within  the  25-microsecond  interval  before 
the  end  of  the  present  simulation  cycle  are  saved. 


c.  Any  interrogation  whose  individual  pulses  occur  before 
and  after  the  time  at  which  pulses  are  saved  for  the  next  simula- 
tion cycle  is  fully  accounted  for.  It  is  this  feature  which  in- 
volves significant  complexity  in  the  interrogation  section  of  SOAR. 
As  shown  in  figure  2-2,  three  uplink  pulses  can  arrive  at  a trans- 
ponder in  such  a way  that  they  fall  into  separate  simulation 
cycles.  Furthermore,  two  interrogations  from  a site  with  a higher 
interrogation  rate  than  that  of  the  interrogator  of  interest  may 
arrive  during  a single  simulation  cycle,  while  no  interrogations 
may  arrive  during  the  cycle  from  a site  with  a lower  rate.  The 
number  of  interrogation  pulses  even  further  complicates  the  pro- 
cess, since  the  use  of  improved  SLS-,  normal  SLS,  or  no  SLS  can 
result  in  the  detection  of  the  following  interrogation  sets: 

(Pi,  P3).  (Pi*  ?2.  p3).  (p2).  (Pi.  p2).  (no  pulse). 

d.  After  time  of  arrival  and  power  of  all  received  interro- 
gation pulses  are  determined  for  a transponder,  the  downlink  pulse 
power  that  would  be  received  by  both  directional  and  omnidirec- 
tional (for  the  receiver  SLS  option)  antennas  at  the  interrogator 
of  interest  is  computed  and  stored.  Uplink  pulses  are  ordered 
chronologically,  and  the  transponder  operation  portion  of  SOAR 
begins  its  operation. 

2.3.6  Transponder  Operation 

2. 3. 6.1  Transponder  Inputs.  As  the  generated  interrogation  pulses 
enter  the  simulated  transponder,  they  are  processed  in  a manner 
which,  with  appropriate  choice  of  transponder  parameters,  will 
satisfy  the  U.S.  National  Standard.*  The  following  parameters, 
discussed  in  paragraph  2.3.5  with  respect  to  the  interrogation 
section  of  the  program,  form  the  basic  inputs  to  the  transponder: 

a.  Numbor  of  pulses,  an  alphanumeric  representation  of 
pulses  arriving  at  the  transponder  during  the  present 
simulation  cycle 

U.S.  National  Standard  for  the  IFF  Mark  X (SIF)  Air  Traffic 
Control  Radar  Beacon  System  (ATCRBS)  Characteristics,  Order 
No.  1010. 51A. 
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Figure  2-2.  Possible  Interrogation  Arrival  Times 
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b.  Time  of  arrival  of  each  of  the  pulses  referred  to  in 
item  a,  expressed  as  the  number  of  seconds  from  the 
zero  reference  start  time  of  the  simulation 

c.  Power  in  the  pulses  expressed  in  dB  with  respect  to  a 
one-milliwatt  reference.  (These  parameters  are  also 
discussed  in  greater  detail  in  paragraph  3.5  of 
Section  3.) 

2*3. 6. 2 Characteristics . Transponder  dead  time  after  a reply 
and  suppression  time  after  a valid  Pj-P2  Pa^r  can  be  specified 
independently  for  each  transponder.  Desensitization  occurs  on 
receipt  of  every  pulse  (echo  suppression)  and  when  reply  rate  or 
suppression  rate  exceeds  a specified  level.  (Additional  details 
are  provided  in  Section  3 on  transponder  dead  time,  suppression 
time,  decoding,  and  desensitization.)  Although  the  transponder 
model  is  designed  nominally  to  reply  to  either  mode  A or  mode  C 
interrogations,  it  can  be  modified  to  reply  to  any  combination  of 
modes. 


2. 3. 6. 3 Types  of  Decoding.  Two  types  of  transponder  decoding 
circuits  can  be  selected: 

a.  Active,  or  Gate  Type,  Decoder.  This  decoder,  on 
receipt  of  any  pulse,  waits  for  a potential  P3  pulse  to  be  detected 
by  the  transponder  receiver.  When  a P^  pulse  is  properly  detected, 
the  decoder  circuit  triggers  a coder  which,  in  turn,  provides  coded 
pulses  to  the  transponder  transmitter  for  transmission  of  replies 
to  the  ground- site  receiver.  If,  at  an  anticipated  time  after 
receipt  of  the  initial  pulse,  a Pj  pulse  is  not  detected,  the 
decoder  looks  for  another  potential  P1  pulse.  When  a random  single 
noise  pulse  or  P2  pulse  is  detected,  the  active  decoder  hangs  up 
for  21  microseconds  looking  for  a Pj  pulse,  after  which  it  looks 
for  a potential  P1  pulse. 

b.  Passive,  or  Delay-Lin**,  Decoder.  This  decoder  looks 
for  Pi'Pj  or  P1-P3  pairs,  and  processes  the  first  such  pair  detected. 
The  passive  decoder  receives  serially  a set  of  pulses  (P^ - P2  or 
Pj-Pj  pulse-pairs),  which  are  applied  simultaneously  as  inputs  to  a 
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delay  line  and  an  AND  gate.  One  pulse  of  the  pulse-pair  enters 
the  delay  line  (and  the  AND  gate)  and  experiences  a delay  corre- 
sponding to  the  time  separation  between  the  two  pulses  of  the 
pulse-pair.  This  delayed  pulse  is  then  transferred  from  the  delay 
line  as  one  input  to  the  AND  gate.  At  a later  time  corresponding 
to  the  same  time  separation  mentioned  above,  the  second  pulse  of 
the  pulse-pair  is  applied  to  the  delay  line  and  to  the  AND  gate. 

The  AND  gate  therefore  receives  both  inputs  to  it  at  the  same 
instant,  and  coincidence  is  established.  With  coincidence,  the  AND 
gate  provides  an  output  which  triggers  the  transponder  to  reply  to 
the  ground-site  interrogator.  (A  single  noise  pulse  will  not 
establish  coincidence  at  the  inputs  of  an  AND  gate.  Since  the  pulse- 
pair  criterion  is  not  met,  the  decoder  will  not  provide  an  output.) 

2.3.7  Defruiting  and  Bracket  Decoding 

a.  Before  the  reply  pulses  generated  by  the  SOAR  transponder 
are  processed  further  (i.e.,  in  the  elapsed  time  between  the  start 
of  the  present  simulation  cycle  and  the  arrival  of  each  reply 
pulse),  they  are  ordered  chronologically.  Each  reply  pulse  is 
then  passed  to  the  defruiter  section.  A reply  pulse  is  considered 
valid  (not  fruit)  if,  within  a certain  tolerance,  it  arrives  with 
the  same  elapsed  time,  and  hence,  with  the  same  range,  as  another 
pulse  on  the  previous  sweep  of  the  same  mode.  Otherwise,  it  is 
eliminated  as  fruit  from  further  processing  if  the  defruiter  switch 
is  on.  The  defruiter  tolerance  (also  aperture  or  gate)  can  be 
specified  arbitrarily  by  the  user;  one  microsecond  is  a normal 
tolerance  for  most  defruiters.  Modes  1,  2,  A,  and  C are  all 
processed  by  the  SOAR  defruiter. 

b.  The  model  contains  a fruit  counter  which  registers  all 
replies  regarded  as  fruit  by  the  interrogator/receiver  of  interest. 
The  defruiter  can  be  switched  on  or  off,  but,  whether  on  or  off, 

it  permits  transponder  reply  pulses  to  be  routed  through  it  to 
drive  the  fruit  counter.  The  distinguishing  feature  between  the 
switching  states  is  that  when  the  defruiter  is  switched  off,  all 
the  reply  pulses  must  be  processed.  When  the  defruiter  is  switched 
on,  it  removes  the  fruit  pulses  from  further  processing,  and  passes 


them  on  to  the  fruit  counter.  The  fruit  counter  also  includes  the 
pulses  consisting  of  the  first  hit  on  each  mode  for  a valid  target. 
The  fruit  pulse  count  divided  by  two  provides  the  number  of  fruit 
brackets. 

c.  When  the  defruiter  action  is  completed,  those  pulses  that 
remain  enter  the  bracket  decoder.  Any  pair,  or  bracket,  separated 
by  20.3  microseconds  (+0.1  microsecond)  is  treated  as  a valid  reply 
(whether  or  not  it  comes  from  a valid  target).  This  reply  is  used 
to  compute  a reply  range  for  subsequent  processing  and  output. 

(Thw  reply  range  is  the  speed  of  light  multiplied  by  one-half  the 
elapsed  time  between  main  interrogation  and  receipt  of  the  first 
framing  pulse.  Transponder  delay  time,  approximately  three  micro- 
seconds, is  subtracted  from  the  round-trip  time.)  Since  the 
bracket  decoder  begins  with  the  first  pulse  of  the  chronologically 
ordered  reply  time  array,  the  reply  range  array  is  formed  auto- 
matically by  the  bracket  decoder  in  order  of  increasing  range. 
Overlapping  brackets  are  decoded  as  proper  targets,  since  there  is 
no  pulse  width,  signal  phase,  or  information  pulse  to  cause  garble. 
Potential  garble  situations  and  instances  of  pulse-train  inter- 
leaving can  be  flagged,  however,  by  checking  the  relative  positions 
of  adjacent  bracket  pulses. 

2.3.8  Target  Detection 

Up  to  three  target  detectors  may  be  selected  to  process  the 
beacon  repiy  data  generated  by  the  bracket  decoder.  The  target 
detectors  include  those  portions  of  the  Common  Digitizer  (CD), 

ARTS  (Automated  Radar  Terminal  System)  III,  and  TPX-42  responsible 
for  beacon  target  declaration,  but  not  for  tracking.  Any  combina- 
tion, including  all  three,  of  the  target  detectors  may  be  chosen 
to  operate  on  the  same  video  information,  thus  allowing  for  a 
direct  comparison  among  them. 

2.3.8. 1 Common  Digitizer  (CD) 

a.  During  any  simulation  cycle,  the  CD  processes  replies 
only  if  a mode  A interrogation  was  transmitted  to  begin  the  cycle; 
otherwise,  CD  processing  is  bypassed  for  that  sweep.  If  CD 
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processing  is  initiated,  antenna  azimuth  is  converted  to  azimuth 
change  pulses  (ACPs  - 4096  per  revolution) , and  reply  range  is 
truncated  to  0.25  - nautical-mile  accuracy.  (A  range-accuracy  flag 
is  also  set  to  allow  0.125-nautical-mile  accuracy  in  the  final 
indication  of  target  range.) 


b.  An  array  of  1024  computer  words,  each  of  which  repre- 
sents a quarter-nautical -mile  range  (range  bin),  contains  the 
history  of  replies  received  from  0 to  256  nautical  miles  away. 
Although  actual  CD  hardware  records  only  the  past  eleven  mode  A 
sweeps,  SOAR'S  simulated  CD  can  record  an  arbitrary  number  of 
sweeps.  This  number  of  sweeps  is  referred  to  as  the  length  of  a 
sliding  window.  Each  time  a reply  is  received,  the  computer  word 
corresponding  to  the  range  bin  of  the  reply  is  shifted  left  one 
place,  and  a 1 is  entered  in  the  rightmost  bit  position;  informa- 
tion to  the  left  of  the  eleventh  bit  (from  the  right)  in  the  CD, 
or  an  arbitrary  bit  in  SOAR,  is  shifted  out  of  the  sliding  window 
and  is  lost.  For  each  range  bin  in  which  no  reply  is  received 
during  a mode  A sweep,  an  identical  shift  occurs,  but  a 0 is 
entered  in  the  rightmost  bit  position.  Thus,  a 1 in  the  sliding 
window  indicates  a hit,  while  a 0 represents  a miss. 


c.  When  the  number  of  hits  in  a particular  sliding 
window  equals  a leading  edge  threshold,  T^,  selected  by  the  user, 
then  a leading  edge  flag  is  set  (if  it  was  not  set  previously) 

to  indicate  the  start  of  a potential  target  in  the  range  bin  in 
question.  Antenna  azimuth  (in  ACPs)  is  also  stored  when  the 
leading  edge  flag  is  set,  i.e.,  when  leading  edge  is  declared; 
this  azimuth  is  referred  to  as  azimuth  at  target  start.  If  an  up- 
date of  a range  bin  results  in  a number  of  hits,  in  the  sliding 
window,  which  equals  or  exceeds  T^,  and  if  the  leading  edge  flag 
was  set  on  some  previous  sweep,  no  further  action  is  taken 
immediately;  such  a range  bin  is  said  to  contain  a potential  target 
in  process. 

d.  When  a range  bin  update  causes  the  number  of  hits  in  a 
sliding  window  to  be  equal  to  or  less  than  a trailing  edge  thresh 
old,  Tt,  also  selected  by  the  user,  no  further  action  is  taken 
unless  the  leading  edge  flag  is  set.  If  the  flag  is  set,  the 
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azimuth  i't  target  stop  is  stored,  and  a target  is  declared.  The 
leading  edge  flag  for  that  range  bin  is  immediately  reset  to  zero, 
and  the  target's  center  azimuth  is  computed. 

e.  As  a result  of  the  target  detection  operation  described 
above,  a target  report  is  printed  in  the  SOAR  standard  tabular 
output.  The  report  includes: 

(1)  Range 

(2)  Start  azimuth 

(3)  Stop  azimuth 

(4)  Center  azimuth. 

2. 3. 8. 2 TPX-42 

a.  During  every  simulation  cycle,  the  TPX-42  processes 
replies  regardless  of  the  mode  of  interrogation  that  was  trans- 
mitted to  begin  the  cycle.  If  TPX-42  processing  is  initiated, 
antenna  azimuth  is  converted  to  azimuth  change  pulses,  and  the  num- 
ber of  replies  (bracket  pairs)  received  during  the  current  sweep 
checked.  Whenever  the  number  of  replies  on  a given  sweep  exceeds 
20,  the  TPX-42  processes  only  the  first  20  replies  received.  Reply 
range  is  truncated  to  1/32-nautical-mile  accuracy. 

b.  Instead  of  using  1024  fixed  range  bins,  as  in  the  CD,  the 
TPX-42  employs  floating  range  bins,  which  associate  new  replies 
with  in-process  targets  by  comparing  the  range  of  each  new  reply 
with  the  range  of  the  most  recent  reply  in  each  target  register. 
This  process  avoids  the  problem  of  range  splitting  that  occurs  in 
the  CD,  because  in  the  CD  the  range  of  each  new  reply  is  compared 
only  with  the  range  of  the  reply  received  at  the  time  of  declara- 
tion of  leading  edge. 

c.  Replies  received  during  the  present  simulation  cycle  are 
stored  in  a reply  array  which  is  merged  with  an  array  of  in-process 
target  registers  (maximum  of  20  targets).  Separate  pointers  are 
maintained  for  the  number  of  the  target  register  (old  target  reg- 
ister) being  updated  by  new  reply  information  and  the  update 
register  into  which  the  new  information  is  inserted.  Once  an 
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element  of  the  reply  array  or  an  old  target  register  has  been 
processed,  the  appropriate  pointer  is  incremented  to  avoid  further 
reference  to  the  processed  data. 

d.  Like  the  CD,  the  TPX-42  employs  a sliding  window  detector 
whose  length,  both  in  the  simulation  and  in  the  actual  hardware, 
is  variable.  A nominal  window  length  of  8 is  generally  used.  As 
in  the  CD,  a 1 is  entered  in  the  window  if  a hit  is  encountered, 
and  a 0 if  a miss  occurs.  These  processes  are  referred  to  as  hit- 
update  and  miss-update  respectively. 

e.  When  TPX-42  processing  begins,  the  old  target  registers 
are  blank.  A reply  arriving  during  the  present  simulation  cycle 
is  inserted  into  the  reply  array,  which  is  then  compared  with  the 
array  of  old  target  registers.  Since  no  old  targets  yet  exist, 
all  new  replies  are  used  to  hit-update  the  old  target  registers, 
and  thus  the  replies  become  new  targets.  The  reply  range  and 
antenna  azimuth  are  recorded  for  each  new  target,  the  window  count 
is  set  to  1,  and  the  leading  edge  flag  is  initialized  to  0. 

f.  On  subsequent  simulation  cycles,  elements  of  the  reply 
array  are  compared,  one  by  one,  with  the  old  target  registers.  If 
no  replies  are  received  during  a simulation  cycle,  then  all  old 
targets  are  miss-updated;  values  for  old  target  range,  azimuth, 
leading  edge  flag,  and  confidence  count  are  transferred  to  new 
update  registers  in  the  in-process  array,  and  a revised  window 
count  is  stored  similarly. 

g.  If  both  old  targets  and  new  replies  exist  during  a simula- 
tion cycle,  then  the  two  arrays  are  compared,  beginning  with  the 
first  element  in  each.  Both  arrays  are  arranged  in  descending 
order  of  range.  If  the  first  reply  range  is  greater  (within  a 
tolerance)  than  the  first  old  target  register,  then  it  is  assumed 
no  old  target  can  correlate  in  range  with  the  new  reply.  The  new 
reply  is  thus  considered  a new  target  (as  described  above)  and  is 
hit-updated  and  stored  after  the  last  old  target  in  the  in-process 
array.  The  reply  array  pointer  is  moved  to  the  next  closest  reply, 
which  is  then  compared  with  the  same  old- target  register  for  which 
no  correlation  was  found. 
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h.  When,  on  the  other  hand,  the  reply  range  is  less  (within 
a tolerance)  than  the  old  target  register  range  in  question,  then 
it  is  assumed  no  reply  can  correlate  in  range  with  the  old  target. 
The  old  target  register  is  thus  miss-updated  as  described  above 
and  stored  in  the  next  available  update  position  in  the  in-process 
array.  The  old  target  pointer  is  moved  to  the  next  old  target 
register,  which  is  then  compared  with  the  same  reply  for  which  no 
correlation  was  found. 

i.  If  the  reply  range  equals  (within  a tolerance)  the  range 
stored  in  the  old  target  register  in  question,  then  the  reply  is 
assumed  to  correlate  with  the  old  target  register,  which  is  hit- 
updated.  Range  of  the  reply  and  old- target  leading  edge  flag, 
azimuth,  confidence  count,  and  window  count  are  transferred  to  new 
update  registers  in  the  in-process  array.  Then  both  the  reply 
array  pointer  and  old  target  pointer  are  moved  to  the  next  element 
in  their  respective  arrays. 

j . After  any  hit-update,  the  interrogation  mode  for  the  pres- 
ent simulation  cycle  is  checked.  If  the  hit  is  in  response  to  a 
mode  A interrogation,  then  the  confidence  counter  is  incremented. 
When  a target  trailing  edge  is  eventually  found,  a target  is 
declared  only  if  the  confidence  count  exceeds  some  prescribed 
number,  nominally  4. 

k.  Hit-updates  are  always  followed  by  a test  for  leading- 
edge  detection  similar  to  that  performed  in  the  CD.  Nominally, 
two  hits  out  of  eight  are  required  to  set  the  leading-edge  flag. 
Miss  updates  are  followed  by  a test  for  the  trailing  edge  crite- 
rion, usually  one  hit  in  the  sliding  window.  If  trailing  edge  is 
detected  and  the  leading  edge  flag  is  set,  then  a target  is 
declared  if  the  confidence  count  has  been  satisfied.  Detection  of 
trailing  edge  before  the  leading  edge  flag  is  set  results  in 
elimination  of  the  old  target  from  the  in-process  array. 

l.  When  a target  is  declared,  its  center  azimuth  is  computed 
from  the  azimuths  recorded  at  the  time  of  detection  of  leading  and 
trailing  edges.  Target  range  is  the  range  of  the  last  recorded 
hit.  The  target  report  printed  in  the  SOAR  standard  tabular  out- 
put includes: 
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(1)  Range 

(2)  Start  azimuth 

(3)  Stop  azimuth 

(4)  Center  azimuth 

(5)  Confidence  check  value. 

2. 3. 8. 3 ARTS  III 

a.  The  ARTS  III  beacon  target  processor  involves  a more  com- 
plex detection  algorithm  than  that  of  the  CD  or  TPX-42.  SOAR 
limits  the  number  of  replies  processed  by  the  ARTS  III  to  the  first 
30  received.  If  the  mode  of  interrogation  transmitted  to  begin  a 
simulation  cycle  was  other  than  mode  A or  mode  C,  the  number  of 
replies  for  that  cycle  is  set  to  zero,  and  processing  continues. 

At  the  start  of  ARTS  III  processing,  antenna  azimuth  is  converted 
to  azimuth  change  pulses,  and  reply  range  is  truncated  to  1/16- 
nautical-mile  accuracy. 

b.  ARTS  III  processing  is  similar  to  that  of  the  TPX-42  in 
that  a reply  array  is  merged  with  an  in-process  target  array.  The 
ARTS  III,  however,  merges  the  reply  array  with  an  array  of  old 
target  registers,  and  stores  the  result  in  a separate  array  of  new 
target  registers.  Both  old  and  new  target-register  arrays  are 
limited  to  45  elements.  Unlike  the  TPX-42,  all  arrays  are  kept  in 
ascending  order  of  range. 

c.  Rather  than  using  a sliding  window  algorithm, the  ARTS  III 
employs  an  expanding  window  technique  that  requires  the  maintenance 
of  several  counters.  A hit  counter  records  the  number  of  hits  in 
all  potential  target  sequences.  A miss  counter,  which  is  zeroed 
after  the  receipt  of  any  hit  in  a sequence,  contains  the  number  of 
consecutive  misses.  The  sweep  counter  indicates  the  number  of  the 
current  sweep  since  processing  of  the  target  in  question  began. 
Finally,  a sum  counter  accumulates  the  sum  of  all  sweep  numbers  on 
which  hits  occur.  In  addition  to  these  counters,  the  in-process 
arrays  contain  a range  register  and  a leading  edge  flag  for  each 
in-process  target. 
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d.  As  with  TPX-42  processing,  the  ARTS  III  begins  with  blank 
in-process  arrays.  All  replies  on  the  first  sweep  thus  result  in 
hit-updatcs  that  cause  new  targets  to  be  processed.  In  this  case, 
the  hit-update  consists  of  recording  reply  range,  setting  the  hit, 
sweep,  and  sum  counters  to  1,  and  setting  the  miss  counter  and 
leading  edge  flag  to  0 in  the  new-target  array.  Upon  completion 
of  the  hit-update  process  for  all  replies,  the  new-target  regis- 
ters are  transferred  to  the  old-target  array  for  subsequent  proces- 
sing. 

e.  Once  in-process  targets  have  been  established,  any  simu- 
lation cycle  in  which  no  replies  are  received  results  in  a miss- 
update  for  all  in-process  targets.  This  process  involves  incre- 
menting the  sweep  and  miss  counters,  and  retaining  prior  values  of 
the  range  register,  hit  counter,  sum  counter,  and  leading-edge 
flag  for  all  targets. 

f.  When  both  replies  and  old  targets  are  to  be  processed  by 
the  ARTS  III,  then,  if  the  difference  between  the  old  target  reg- 
ister range  and  the  reply  range  is  more  than  1/16  nautical  mile, 
a new  target  register  is  begun,  and  processing  continues  with  the 
next  reply.  If  a reply  correlates  (within  1/16  nautical  mile) 
with  an  old  target,  a hit-update  is  performed,  and  the  next  reply 
and  old  target  are  examined.  A reply  range  which  exceeds  old 
target  range  oy  1/16  nautical  mile  results  in  miss-updating  the 
old  target  in  question  and  repeating  the  correlation  process  with 
the  next  old  target  in  the  array.  This  correlation  process  is 
identical  to  that  of  the  TPX-42,  except  that  the  ARTS  III  arrays 
are  processed  beginning  with  the  closest  reply. 

g.  After  a hit-update,  the  reply  range  for  the  target  in 
question  is  recorded,  the  hit  and  sweep  counters  are  incremented, 
the  sum  counter  is  increased  by  the  value  of  the  sweep  counter, 
and  the  miss  counter  is  reset.  The  counters  are  checked  to  deter- 
mine if  the  leading-edge  flag  should  be  set,  i.e.,  when  a specified 
number  (IHY3P3)  of  hits,  nominally  three,  occurs  before  another 
specified  number  @MY3P3)  of  consecutive  misses,  nominally  two. 

Unlike  the  TPX-42,  the  ARTS  III  can  issue  a target  report  after  a 
hit-update  if  the  sweep  counter  exceeds  a specified  number  ( IRNGR3) , 
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nominally  31,  that  indicates  a ring-around  target.  In  such  a case, 
the  end  of  the  target  is  assumed  to  occur  immediately,  a message 
indicating  the  target  as  a segment  of  a ring-around  target  is 
printed,  and  the  in-process  registers  for  that  target  are  elimi- 
nated. 

h.  After  a miss-update,  target  registers  are  checked  to 
determine  several  conditionr.  If  a specified  number  (IMY4P3)  of 
consecutive  misses,  nominally  four,  is  detected  but  the  leading- 
edge  flag  is  not  set,  the  old  target  in  question  is  discarded  as 
interference.  If  the  leading-edge  flag  is  set,  however,  and  the 
miss  criterion  (IMY4P3)  for  trailing  edge  detection  is  met,  further 
checks  for  target  validity  are  made.  To  be  valid,  a target's 
sweep  counter  must  equal  a minimum  value  or  run  length  (IRMRP3), 
nominally  21,  while  its  hit  counter  must  meet  a minimum  hit  cri- 
terion (IHY4P3),  nominally  seven.  If  the  run  length  criterion  is 
not  met,  processing  continues;  however,  failure  to  satisfy  the 
minimum  hit  requirement  results  in  elimination  of  the  target  from 
the  in-process  array. 

i.  When  a valid  target  is  declared,  the  number  of  hits  is 
also  compared  with  a target  quality  criterion  (ITQYR3) , nominally 
14.  If  met,  this  criterion  results  in  the  printing  of  a message 
indicating  strong  confidence  in  the  computed  azimuth  of  the  tar- 
get; otherwise,  only  the  basic  target  report  data  are  printed. 

The  target  report  printed  in  the  SOAR  standard  tabular  output 
includes: 

(1)  Range 

(2)  Center  azimuth 

(3)  Sweep  counter 

(4)  Hit  counter 

(5)  Sum  counter 

(6)  Target  quality  message. 
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2.3.9  Output 

a.  After  printing  all  input  parameters  at  the  start  of  pro- 
gram execution  (table  2-1),  SOAR  provides  a sweep-by- sweep  account 
of  the  broadband  target  information,  in  addition  to  the  selected 
target  processor  reports  discussed  above,  as  part  of  its  standard 
tabular  output  (table  2-2).  This  broadband  information  consists 
of  one  printed  line  per  sweep  (simulation  cycle)  containing  pres- 
ent time  in  seconds,  antenna  azimuth  in  degrees,  interrogation 
mode,  and  range,  in  nautical  miles,  of  all  replies  received  during 
that  sweep.  Reply  range  is  printed  at  a distance  to  the  right  of 
the  interrogation  mode  proportional  to  the  value  of  the  range. 

The  routine  that  determines  the  print  position  of  a reply  uses  the 
input  parameter  RMAX  as  a scale  factor.  Thus,  a simulation  run 
that  specifies  RMAX  ■ 60.  will  print  60-nautical -mile  replies  at 
the  right  side  of  a page,  30-nautical -mile  replies  in  the  middle, 
and  1-nautical-mile  replies  immediately  after  the  interrogation 
mode.  This  feature  is  performed  by  over-writing  all  replies 
received  during  a sweep  on  the  same  line;  thus,  closely  spaced 
replies  may  appear  over-written,  or  garbled. 

b.  SOAR  also  tabulates  several  items  of  information  which 
are  printed  at  the  conclusion  of  each  scan.  These  items  include 
the  following: 

(1)  Running  target  counts  for  all  three  target  processors 

(2)  Fruit  count  for  each  scan  by  mode  of  interrogation 

(3)  Average,  maximum,  and  minimum  fruit  per  scan  to  date 

(4)  Average,  maximum,  and  minimum  interrogation,  reply, 
uplink  SLS , and  suppression  rates  for  each  aircraft 

(5)  Reply  and  suppression  probabilities  for  each  aircraft. 

c.  The  pulse-by-pulse  capability  of  SOAR  enables  it  to  drive 
a set  of  subprograms  that  produce  a computer-generated  representa- 
tion of  an  air  traffic  controller's  display  (figure  2-3).  The 
graphics  software  consists  of  FORTRAN  and  SC4020  plotter  routines. 
Input  to  the  graphics  software  includes  time  between  frames.  Thus, 
one  can  record  either  a full  scan  by  specifying  the  scan  time  as 
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TABLE  2-1.  SIMULATION  INPUT  PARAMETERS* 


Definitions  of  parameters  related  to  above  data  are  contained  in  Appendix 
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the  time  between  frames,  or  a real-time  movie  by  specifying  1/24 
second  between  frames.  (TSC  has  produced  such  a movie  for  the 
Atlanta  terminal  area  using  a CDC6600  computer  and  a Calcomp  890 
CRT  plotter.) 
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3.  DETAILED  DESCRIPTION  OF  THE  TRANSPONDER  MODEL  j 

I 

1 

{ 

3.1  TRANSPONDER  REPLY/PRIMARY  RADAR  ECHO  SIGNAL  COMPARISON  j 

The  trans  under,  which  plays  a significant  role  in  the  radar  I 

beacon  system,  is  the  basis  of  the  distinction  between  the  primary  ■ 

radar  system  and  the  radar  beacon  system.  Specifically,  the  air-  j 

borne  transponder,  when  triggered  by  pulses  from  a ground-based  j 

interrogator,  returns  to  the  ground-based  interrogator  a reply  in  j 

the  form  of  pulses  of  energy  content  dependent  on  the  transponder's  { 

power  capability.  On  the  other  hand,  when  a primary  radar  system  j 

transmits  from  its  ground  site  a pulse  to  the  aircraft  target,  the  j 

target  reflects  the  pulse,  and  returns  it  to  the  primary  radar  j 

system  receiver  as  a relatively  weak  echo  whose  energy  content  is  1 

dependent  on  the  physical  properties  which  determine  the  radar 
cross  section  of  the  target.  For  the  modes  of  excitation  of  the  j 

respective  ground  receivers  described,  a decided  advantage  is 
realized  for  the  transponder  type  of  reply  over  the  echo  signal 
return.  In  addition  to  the  power  capability  advantage  evidenced 
by  transponder  performance  over  the  echo  return,  the  transponder  i 

is  equipped  to  send  back  coded  replies  which  will  identify  the  | 

target  and  also  provide  information  as  to  its  altitude  This 
feature  is  unique  to  the  radar  beacon  system  and  to  the  trans- 
ponder capability.  By  contrast,  the  primary  radar  system  would 
require  external  operations  to  accomplish  these  functions  (e.g., 
identification  of  an  aircraft  target  by  controller  instructions 
for  the  aircraft  to  perform  identifying  maneuvers).  Separation  of 
the  signal  reflection  function  from  the  signal  source  (i.e.,  use 
of  an  airborne  transponder- type  reply  rather. than  a signal  re- 
flected from  an  aircraft  body)  provides  two  additional  advantages: 


a.  It  eliminates  clutter  existing  when  the  echo  signal  is 
returned  to  the  primary  radar  receiver.  (Clutter  results 
| from  the  ground  effects  of  reflection  of  radiated  energy 

j from  local  and  distant  terrain,  and  masks  legitimate 

? aircraft  echoes.) 
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b.  It  minimizes  the  potential  for  missed  signals  when  the 
target  is  a small-sized  aircraft.  In  this  case,  since 
the  echo  signal  energy  is  related  to  target  size,  the 
returned  signal  strength  could  be  of  insufficient  strength 
to  be  received  by  the  primary  radar  receiver.  A trans- 
ponder, once  triggered,  sends  back  a signal  whose  strength 
is  determined  by  the  transponder's  relatively  strong  power 
transmission  capability,  and,  therefore,  is  independent  of 
the  target  size. 

3.2  TRANSPONDER  FEATURES 

The  following  text  considers  certain  features  which  character- 
ize transponder  opeiation,  including  decoding,  dead  time,  echo 
suppression,  side-lobe  suppression,  hangup,  desensitization,  and 
reply  rate  limit  control.  A brief  summary  of  basic  transponder 
operation  is  also  included  to  serve  as  background  where  required 
for  the  specific  topics  mentioned. 

3.2.1  Summary  of  Transponder  Operation 

When  a ground  interrogator,  as  part  of  the  ATCRBS,  transmits 
a pair  of  coded  interrogation  pulses  toward  an  aircraft  target,  a 
transponder  contained  in  the  aircraft  is  triggered  by  the  pulse- 
pair  to  transmit  a coded  reply  which  is  received  by  the  interroga- 
tor of  interest.  The  transponder  receives  triggering  inputs  and 
decodes  them,  and  then  codes  and  transmits  replies  with  identifi- 
cation and  altitude  information  which  is  received  by  the  interro- 
gator of  interest. 

3.2.2  Transponder  Dead  Time 

When  a transponder  receives  a valid  interrogation,  there  is  a 
delay  of  three  microseconds  between  receipt  of  the  Pj  pulse  (the 
second  pulse  of  the  interrogator-transmitted  pulse-pair)  and  trans- 
mission of  the  first  pulse  of  the  transponder  reply.  The  trans- 
ponder is  so  designed  that,  on  completion  of  the  reply  pulse  train, 
the  transponder  does  not  reply  again  for  a period  at  least  as  long 
as  the  duration  of  a reply  pulse  train,  and  in  some  cases  extending 
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to  125  microseconds  after  transmission  of  the  last  transponder 
reply  pulse.  This  period  of  inhibition  is  known  as  transponder 
dead  time. 


3.2.3  Side-Lobe  Suppression  Time 

a.  Side-lobe  suppression  time  is  a function  of  a P2  pulse 
transmitted  from  the  ground-based  interrogator  in  conjunction  with 
the  transmission  of  the  regular  P^-P^  interrogation  pulse-pair. 
Adoption  of  the  side-lobe  suppression  feature  stems  from  the  need 
to  suppress  transponder  triggering  by  the  minor  lobes  of  the 
transmitted  beam.  The  following  brief  discussion  describes  the 
circumstances  relating  to  development  of  the  side- lobe  suppression 
feature  and  to  resulting  side-lobe  suppression  time. 

b.  The  transmitted  interrogator  signal  radietion  pattern  con- 
tains, in  addition  to  a main  beam,  a number  of  contiguous  minor 
lobes.  It  is  possible  for  these  lobes,  if  sufficiently  strong,  to 
exceed  the  minimum  threshold  for  triggering  the  transponder.  Re- 
lated effects  of  the  following  type  can  result  from  this  form  of 
transponder  triggering. 

(1)  Broadened  Targets.  When  a transponder  is  within 
range  of  the  minor  lobes  of  the  directional  antenna  main 
beam,  the  minor  lobes  trigger  the  transponder  and  elicit 
replies  which  are  received  by  the  interrogator  and 
indicated  on  the  interrogator  receiver  display.  The 
indications  are  very  close  to  those  representing  replies 
to  the  main  beam.  The  resulting  display  indication  is  a 
pattern  much  wider  than  would  be  obtained  from  a reply 
to  the  four-degree  beamwidth  of  the  directional  antenna 
main  beam.  Broadening  of  the  beamwidth  affects  the 
resolution  of  the  target  azimuth  indication.  In  addition, 
it  can  also  obscure  a reply  from  a second  aircraft  trans- 
ponder close  to  and  at  the  same  range  as  the  first  air- 
craft transponder. 

(2)  Ring  Around.  Broadening  of  the  target  on  the  interro- 
gator receiver  display  will  be  increased  if  the  aircraft 
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transponder  remains  within  minor-lobe  range  for  a longer 
period.  As  the  aircraft  transponder  approaches  the  inter- 
rogator site,  it  can  come  within  range  of  the  minor  lobes 
for  a period  encompassing  the  complete  rotation  of  the 
interrogator  directional  antenna.  In  such  a case,  the 
transponder  replies  due  to  the  minor  lobes  will  be  shown 
on  the  display  throughout  the  rotation,  and  the  indication 
on  the  display  will  be  extended  to  a complete  circle,  or 
ring-around  pattern. 

(3)  Multiple  Targets.  A transponder  triggered  by  the 
minor  lobe  of  a beam  from  a rotating  directional  antenna 
will  cause  a target  reply  pattern  to  be  indicated  on  the 
interrogator  receiver  display.  The  aircraft  transponder 
in  its  travel  can  leave  the  minor- lobe  range  and  enter  a 
null  response  space  created  by  the  vertical  lobing  char- 
acteristic of  the  interrogator  directional  antenna.  At 
this  time,  the  target  display  will  be  interrupted,  because 
the  transmitted  beam  power  is  insufficient  to  trigger  the 
transponder.  As  the  transponder  continues  in  flight,  it 
enters  within  the  range  of  the  main  beam  of  the  interro- 
gator transmission.  This  again  causes  triggering  of  the 
transponder.  The  transponder  reply  to  this  triggering 
causes  another  target  pattern  to  appear  on  the  interro- 
gator receiver  display.  Only  one  target  has  been  trig- 
gered, but  it  appears  as  two  targets  on  the  display 
because  of  the  vertical  lobing  of  the  directional  antenna 
and  the  transmission  of  minor  lobes  together  with  the  main 
beam.  Also,  the  interrogator  directional  antenna  wave 
pattern  is  the  same  for  reception  of  signals  as  it  is  for 
transmission.  If  the  antenna  is  within  range  of  trans- 
mission from  the  aircraft  transponder,  the  minor-lobe 
portion  of  the  antenna  can  intercept  the  transponder 
transmission,  and  the  interrogator  receiver  will  indicate 
a target  pattern  on  the  receiver  display.  Therefor,  when 
*’.«e  aircraft  transponder  is  triggered  by  an  interfering 
interrogator  station,  it  is  possible  for  the  interrogator 
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of  interest  to  receive  fruit  because  of  the  minor- lobe 
characteristic  of  its  directional  antenna. 

c.  Elimination  of  these  degrading  effects  is  accomplished  by 
use  of  the  side-lobe-suppression  (SLS)  feature,  in  which  an  addi- 
tional pulse  (P2)  is  transmitted  between  the  and  Pj  pulse-pair. 
The  P2  pulse,  transmitted  separately  by  the  interrogator  trans- 
mitter on  an  omnidirectional  antenna,  is  greater  in  power  than  the 
maximum  side  lobe.  A transponder  circuit  compares  the  magnitudes 
of  the  Pj  and  P2  signals  to  determine  whether  the  interrogation  is 
in  the  main  beam  of  the  interrogator  directional  antenna.  If  the 
difference  between  Pj  and  P2  exceeds  9dB  (Pj  greater  than  P2),  the 
transponder  is  not  suppressed.  If,  however,  the  magnitude  of  P2 
is  equal  to  or  greater  than  P^,  the  transponder  becomes  inhibited 
for  a suppression  time  of  35  microseconds.  The  P3  pulse,  which 
arrives  at  the  omnidirectional  antenna  of  the  transponder  within 
this  35-microsecond  suppression  interval,  is  therefore  rejected  by 
the  transponder.  Since  the  transponder  receiver  has  not  received 
both  pulses  -tf  the  time-coded  P-^-Pj  pulse  pair,  the  transponder  is 
not  triggered.  Thus,  during  the  suppressed  time  interval,  a side- 
lobe  interrogation  has  been  inhibited.  This  inhibiting  function 
ensures  that  the  transponder  will  be  triggered  only  by  the  four- 
degree-wide  main  beam  of  the  Pj  pulse. 

Note:  For  magnitudes  of  P2  between  P^  and  9dB  below  P^,  there 

is  an  area  of  uncertainty  as  to  whether  or  not  the  trans- 
ponder will  reply  to  the  interrogation.  This  tolerance 
range  is  permitted  by  the  standards  of  ICAO  (International 
Civil  Aviation  Organization)  Annex  10.  Reduction  of  this 
area  of  uncertainty,  which  in  turn  is  a function  of  trans- 
ponder capability,  would  provide  the  ground  controller  with 
more  predictable  transponder  operation. 

d.  According  to  the  U.S.  National  Standard,  the  suppression 
time  period  must  be  able  to  be  reinitiated  for  the  full  35-micro- 
second duration  within  two  microseconds  after  the  end  of  any 
suppression  period.  The  simulation  model  transponder  will  not 
reinitiate  suppression  before  a suppression  time  interval  has 


elapsed,  but  will  provide  suppression  time  intervals  after  initial 
application  of  a P2  pulse. 

e.  The  SLS  system  described  in  paragraph  c does  not  ade- 
quately provide  for  suppression  of  radar  beacon  replies  to  re- 
flected interrogator  main-beam  signals.  These  replies  cause  er- 
roneous indications  of  aircraft  transponder  location  on  the  inter- 
rogator receiver  display,  and  must  be  rejected  in  favor  of  replies 
from  direct-line  interrogations  from  the  ground  site  transmitter's 
main  beam.  Rejection  of  the  replies  to  reflected  main-beam  inter- 
rogations is  accomplished  by  use  of  a modified,  or  improved,  SLS 
system.  This  system  uses  to  advantage  the  fact  that  reflected 
transmissions  (from  buildings,  hangars,  towers,  and  fences)  are 
delayed  in  arrival  due  to  longer  path  lengths  to  the  aircraft. 

(1)  In  the  normal  operation  of  the  unmodified  SLS  system,  a 
Pj  side  lobe  has  sufficient  amplitude  to  exceed  the  receiving 
threshold  of  the  aircraft  transponder  receiver.  This  condi- 
tion provides  the  initial  P1  pulse  of  a P1‘P2  SLS  pulse-pair 
at  the  transponder.  The  P2  pulse,  equal  to  or  greater  than 
the  maximum  side  lobe  of  Pj,  completes  the  SLS  pulse-pair 
requirement,  and  causes  a 35-microsecond  suppression  interval 
at  the  transponder.  Any  pulse  arriving  at  the  transponder 
within  the  suppression  period  (but  after  P2)  is  rejected  by 
the  transponder.  Therefore,  if  the  main  beam  of  the  trans- 
mitted Pj^  pulse  strikes  a reflecting  surface,  and,  after 
reflection,  arrives  at  the  transponder  within  the  dead-time 
period  of  the  transponder,  but  more  than  two  microseconds 
later  than  the  Pj  side  lobe,  the  reflected  main-beam  Pj  pulse 
is  rejected. 

(2)  The  conditions  described  in  (1)  are  applicable  for  a Pj 
side- lobe  pulse  which  exceeds  the  receiving  threshold  of  the 
transponder  receiver.  If  the  amplitude  of  the  Pj  side  lobe 
transmitted  from  the  interrogator  directional  antenna  is  less 
than  the  receiving  threshold,  the  P^  side  lobe  is  not  detected 
by  the  transponder.  The  requirement  for  transponder  detection 
of  a Pj-P2  pulse-pair  is  not  met,  and  the  transponder  is  not 
suppressed.  Therefore,  the  reflected  main-beam  P^  pulse  and 
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the  succeeding  Pj  pulse  provide  a delayed  pulse-pair  interro- 
gation to  which  the  transponder  replies.  This  reply,  because 
of  the  increase  in  the  time  of  arrival  at  the  ground  site 
receiver,  represents  an  erroneous  range  which  is  greater  than 
the  true  range  of  the  transponder. 

(3)  The  improved  SLS  system  enables  the  side- lobe  trans- 
mission to  equal  or  exceed  the  transponder  receiving  threshold 
level.  This  is  accomplished  at  the  interrogator  site  by 
transmitting  the  P^  signal  from  the  ground  site  omnidirection- 
al antenna  as  well  as  from  the  interrogator  directional 
antenna.  With  this  method  of  operation,  the  Pj  side- lobe 
amplitude  is  increased  sufficiently  to  be  detected  by  the 
transponder,  and  the  P2  pulse  is  the  same  as  before,  but 
still  equal  to  or  greater  than  the  maximum  side  lobe.  The 
transponder  is  now  suppressed  in  the  manner  described  in  (1), 
and  the  reflected  Pj-P-j  pulse-pair  arrives  during  the  suppres- 
sion time  and  does  not  elicit  a reply. 

3.2.4  Decoding 

a.  The  transponder  passes  the  received  pulses  through  its 
decoder,  which  determines  the  nature  of  the  interrogation  request 
and  controls  the  type  of  coded  replies  to  be  sent  back  to  the 
ground  receiver.  The  active  type  of  decoder  exercises  a hangup, 
or  waiting,  feature.  That  is,  when  it  first  receives  a Pj  pulse, 
it  waits  for  a second  pulse  which  it  can  interpret  as  the  second 
of  a valid  pulse-pair.  This  second,  or  Pj,  pulse,  together  with 
the  initial  P^  pulse,  causes  a reply  to  be  coded  by  the  trans- 
ponder’s coder  and  to  be  sent  back  to  the  ground  receiver.  (A  P7 
pulse  would  also  be  interpreted  as  part  of  a valid  P^-P,  pulse-pair 
as  signaling  for  initiation  of  a suppression  time  interval.) 

b.  The  active  decoder  treats  any  first  incoming  pulse  as  a 
Pj  pulse,  and  then  waits  a proper  time  interval  to  interpret  the 
next  pulse  as  a valid  P^  (or  P2)  pulse.  If  the  first  two-micro- 
second interval  passes  without  a pulse  ( P 2 ) * then  it  waits  for  an 
eight-microsecond  interval  beyond  the  Pj  pulse  to  interpret  a mode 
A (identification)  pulse-pair.  If  this  time  interval  does  not 
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register  a pulse-pair,  it  waits  for  a 21-microsecond  interval 
beyond  the  pulse  to  interpret  a mode  C (altitude)  information 
pulse-pair.  If  this  mode  is  not  detected,  then  the  procedure  is 
repeated  on  receipt  of  another  pulse. 

c.  In  keeping  with  this  discussion,  suppose  that,  instead  of 
a pulse,  a noise  pulse  is  first  detected  by  the  decoder.  The 
noise  pulse  will  be  presumed  to  be  a P^  pulse.  Assume  now  that  a 
valid  Pj  pulse  does  arrive  at  the  detector,  but  that  this  occurs 
at  a time  which  does  not  correspond  to  a coded  time  interval  (e.g., 
three  microseconds  after  the  noise  pulse).  In  this  case,  even  if 
a valid  P^-P2  or  pi"P3  pulse-pair  arrives  at  the  decoder  after  the 
initial  noise  pulse,  it  will  fail  to  provide  proper  time  spacing 
for  the  decoder  to  interpret  this  as  a valid  pulse-pair.  For  the 
21-microsecond  interval  referred  to  above,  there  will  be  no  re- 
sponse to  these  inputs,  and  the  valid  Pj-P^  (or  Pj-P^  pulse-pair 
will  have  been  lost  because  of  noise  interference. 


d.  The  passive  decoder  performs  on  the  basis  of  receiving 
pulse-pairs  and  determining  that  the  first  pair  detected  consti- 
tutes a Pj-Pj  interrogation  pair  or  a P^-P.,  suppression  pair.  The 
basic  delay-line  action  associated  with  the  passive  decoder  is 
described  in  paragraph  2.3.6.3b. 

3.2.5  Desensitization 

a.  The  transponder  circuitry  provides  for  reduction  of  re- 
ceiver sensitivity  when  interrogation  pulses  are  applied  to  the 
receiver  input.  This  desensitizing  action  reduces  the  possibility 
of  interference  from  echoes  following  reception  of  the  interroga- 
tion signals.  (The  echoes  referred  to  here  correspond  to  late 
multiple  arrivals  of  the  interrogation  pulses,  and  to  reflections 
from  ground  or  ground-based  structures  close  to  the  interrogator.) 
Figure  3-1  illustrates  the  concept  of  an  echo  pulse  following  an 
interrogation  pulse, 
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Figure  3-1.  Echo  Pulses 

Figure  3-2  indicates  the  time  function  of  response  patterns  for  the 
interrogation  pulses.  The  solid  curve  represents  dB  response 
plotted  with  respect  to  time  for  transponder  receiver  signal  inputs 
of  varying  strengths.  The  minimum  triggering  level  of  -71dBm  is 
shown  from  t = 0 to  t = 1,  at  which  time  an  interrogation  pulse 
causes  the  receiver  to  be  desensitized  to  approximately  -57dBm. 


SENSITIVITY 

(dBm) 


Figure  3-2.  Desensitization  and  Recovery  Characteristics 


Note:  According  to  figure  3-2,  at  t = 1 the  receiver  sensitivity 

has  decreased  by  an  amount  corresponding  to  the  power  of  the 
input  pulse,  in  this  case  14dB.  The  U.S.  National  Standard 
(DOT-FAA  Order  No.  1010. 51A)  specifies  that  an  input  pulse 
more  than  0.7  microsecond  in  duration  must  cause  a receiver 
to  desensitize  by  an  amount  within  9dB  of  the  power  of  the 
input  signal.  With  respect  to  figure  3-2,  the  peak  value 
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of  receiver  desensitization  can  occur  within  the  9dB  region 
indicated  in  the  figure.  The  user  of  the  simulation  model 
provides  an  initial  value,  nominally  5dB,  as  the  difference 
between  the  power  of  the  input  signal  and  the  peak  receiver 
desensitization  just  prior  to  beginning  of  the  recovery 
period.) 

The  receiver  then  begins  to  recover  its  sensitivity  toward  -71dBm 
immediately  following  the  interrogation  pulse.  The  recovery  is 
linear  in  nature.  It  attains  a sensitivity  within  three  dB  of  the 
minimum  triggering  level  in  a time  interval  no  greater  than  15 
microseconds  after  the  desensitizing  pulse  has  been  received.  The 
linear  rate  of  recovery  occurs  at  an  average  rate  not  greater  than 
3.5dB  per  microsecond  and  within  a period  not  greater  than  15 
microseconds.  The  maximum  values  are  shown  in  the  dotted  portion 
of  the  curve  in  figure  3-2,  with  the  recovery  rate  along  the  nega- 
tive slope,  and  with  the  maximum  allowable  time  along  the  t axis. 

b.  A second  type  of  desensitization  occurs  when  the  trans- 
ponder reply  rate  exceeds  a certain  limit.  This  limit  can  be 
arbitrarily  set  to  any  rate  between  500  and  2000  interrogations 
per  second.  (The  limit  in  the  simulation  model  reply  rate  limit 
control  circuit  is  nominally  1200  interrogations  per  second.) 

When  once  set,  however,  any  interrogation  rate  exceeding  the  limit 
will  desensitize  the  transponder.  (This  type  of  desensitization 
is  covered  in  detail  in  Appendix  A.) 

3.3  TRANSPONDER  MODEL  SIMULATION  AS  PART  OF  SOAR  PROGRAM 

The  program  for  transponder  simulation  is  in  fact  a part  of 
the  overall  program  for  SOAR.  (The  entry  and  exit  for  the  trans- 
ponder program  are  designated  as  statements  1203  and  7 respectively 
of  the  SOAR  program,  and  are  referred  to  and  commented  on  in  the 
tabular  summary  of  table  3-4.)  The  following  description  of  the 
overall  simulation  program  for  SOAR  is  equally  applicable  for  the 
transponder  when  the  scope  of  the  functions  mentioned  is  narrowed 
to  the  transponder  alone. 


3.4  BRIEF  DESCRIPTION  OF  THE  SOAR  SIMULATION  PROGRAM 

The  computer  program  for  the  SOAR  model  provides  input  data, 
operational  instructions,  and  outputs  involved  in  the  simulation 
of  actual  air  traffic  conditions  at  air  terminals  or  at  en  route 
sites.  Processing  of  the  input  data  and  performance  of  the  in- 
structions furnish  computer  outputs  which  make  possible  analysis, 
interpretation,  evaluation,  and  ultimate  decision-making  on  the 
basis  of  the  computer  input/output  relationships.  The  basic  pre- 
sentation on  data  handling  and  computation  is  contained  in  para- 
graph 2.2.  The  parameters  and  instructions  which  form  the  program 
for  problem  solution  are  presented  in  the  following  paragraphs. 

3.5  TRANSPONDER  INPUTS 

Three  basic  inputs  are  applied  to  the  transponder.  These  are 
tabulated  and  described  in  cable  3-1.  Additional  pertinent  informa- 
tion relative  to  the  inputs  is  given  below. 

a.  NPULS.  This  variable  integer  changes  for  each  simulation 
cycle  because  of  variations  in  other  system  parameters, 
such  as  antenna  variations. 

b.  TXPNDR  (I).  This  variable,  a time  characteristic  of  the 
pulse  variable,  represents  an  array  in  which  subscript  I 
can  vary  from  1 to  NPULS.  The  time  is  expressed  in 
seconds,  and  is  referenced  with  respect  to  the  zero  start 
time  of  the  simulation. 


TABLE  3-1.  TRANSPONDER  INPUT  PARAMETERS* 


Input 

Description 

Npuls 

Number  of  pulses  entering  the  transponder 
during  the  present-  simulation  cycle 

TXPNDR 

(I) 

t h 

Time  of  arrival  of  the  I pulse  at  the 

antenna  end  of  the  aircraft  transponder 

PXPNDR 

(I) 

Power  (dBm)  of  the  I pulse  at  the 
antenna  end  of  the  v -ansmission  line 
between  aircraft  antenna  and  transponder 

*Program  parameters  for  inputs,  outputs,  and  intermediate  functions 
are  expressed  in  mnemonic  form. 
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c.  PXPNDR  m. 

(1)  The  third  variable  of  the  input  group  relates  to 
power  in  the  pulses  transmitted  from  the  ground  site 
interrogator  to  the  aircraft  transponder.  Each  value  of 
PXPNDR(I)  represents  the  power  in  the  interrogator  pulse 

t.  n 

(dB  with  respect  to  1 milliwatt  reference)  for  the  I 
pulse  reaching  the  antenna  end  of  the  transmission  line 
between  the  aircraft  antenna  and  the  transponder. 

(2)  The  energy  content  of  the  pulse  is  also  character- 
ized with  respect  to  transponder  receiver  sensitivity,  in 
terms  of  the  minimum  triggering  level  (MTL)  of  the  trans- 
ponder receiver.  The  nominal  MTL  is  -71dBm  (71dB  below 
the  1-  milliwatt  reference  level),  but  levels  within  the 
range  -69dBm  to  -77dBm  are  considered  acceptable.  (These 
requirements  assume  a 3-dB  loss  in  the  transmission  line 
from  the  aircraft  antenna  to  the  transponder  receiver 
input,  and  aircraft  antenna  performance  equivalent  to 
that  of  a quarter-wave  antenna.)  The  transponder  re- 
ceiver must  operate  satisfactorily  for  signal  inputs 
which  vary  in  amplitude  range  between  the  MTL  and  50dB 
above  the  MTL  of  the  particular  transponder  receiver 
being  considered.  (Stronger  signal  inputs  may  saturate 
the  transponder  receiver  and  degrade  its  operation;  this 
is  an  acceptable  condition  provided  the  specification  has 
been  met  within  the  above-mentioned  input  signal  amplitude 
range.) 

3.6  TRANSPONDER  OUTPUTS 

The  outputs  from  the  transponder  are  indicated  by  the  simula- 
tion program  parameters  IREPLY  and  REPLY(J). 

a.  IREPLY.  This  variable  integer  indicates  the  number  of 
reply  pulses  (i.e.,  the  sum  of  all  F^  and  framing 
pulses)  transmitted  by  the  transponder  during  the  present 
simulation  cycle.  Since  a transponder  reply  consists  of 
a frame  bracket,  or  frying  puls-pair,  the  number  of 
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replies  to  the  interrogator  of  interest  is  equal  to  half 
the  value  of  the  variable  IREPLY.  The  value  of  variable 
IREPLY  changes  for  each  simulation  cycle  in  accordance 
with  input  parameter  changes,  which,  in  turn,  are  caused 
by  variations  in  system  component  parameters  at  the  begin 
ning  of  each  simulation  cycle. 

b.  REPLY (J) 

(1)  This  parameter  represents  the  time  of  the  J**1  reply 
of  an  array  in  which  subscript  J can  vary  from  1 to 
IREPLY.  The  total  time  involved  in  the  computation  of 
this  variable  by  the  program  occurs  between  the  following 
bounding  times: 

(a)  The  time  of  transmission  of  P^  of  the  interroga 
tion  pulse-pair  that  began  the  present  simulation 
cycle 

A.  1. 

(b)  The  time  of  arrival  of  the  J1  reply  pulse  at 
the  ground  site  receiver. 

(2)  The  time  required  for  a reply  to  reach  the  interro- 
gator of  interest  is  determined  by  use  of  equation  3-1. 
The  parameters  related  to  REPLY (J)  are  described  in 
table  3-2. 

REPLY (J)  * TXPNDR(I)  + DELAY  + PROPTM  (1,L)  - TRANP3 

(3-1) 

(3)  Solution  of  equation  3-1  provides  the  arrival  time, 
at  the  ground  receiver,  of  the  first  reply  pulse  F^. 
Arrival  time  of  the  second  reply  pulse  (F2)  is  determined 
by  use  of  equation  3-2.  In  the  use’ of  these  equations, 
the  subscript  J,  which  is  initially  1,  is  incremented 

as  the  number  of  reply  pulses  increases. 

REPLY  (J+l)  « REPLY  (J)  ♦ 20.3  E-06  (3-2) 

The  Fortran  E-notation  20.3E-06  represents  a 20.3-micro- 
second spacing  between  transponder  reply  framing  pulses 
Fj  and  F2,  within  which  coded  pulses  are  inserted  to 
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TABLE  3 

-2.  PARAMETERS  RELATED  TO  COMPUTATION  OF  REPLY  (J) 

| 

Parameter 

Description 

!‘ 

% 

& 

t 

1 

31 

TXPNDR(I) 

Time  of  arrival  of  the  I**1  pulse  at  the  antenna  end 
of  the  aircraft  transponder.  In  this  case,  the 

t 

1 

1 

pulse  is  equivalent  to  the  P^  pulse  of  the  interro- 
gation transmitted  to  the  transponder.  (Refer  also 

1 

to  paragraph  3. 5b.) 

1 

| 

DELAY 

User-specified  parameter,  given  at  the  beginning  of 
the  program.  (This  parameter  is  defined  and 
applied  by  the  user  of  the  imulation  in  accordance 
with  his  arbitrarily  assigned  conditions.  In 

actual  practice,  however,  the  U.S.  National  Standard 

specifies  a transponder  reply  delay  as  3.0  + 0.5 

microseconds  between  the  leading  edge  of  the  inter- 
rogation P3  pulse  and  the  leading  edge  of  the  first  ^ 

pulse  of  the  reply.)  i 

% 

T> 

PROPTMfl , L) 

Time  of  propagation  between  a particular  interrogator  j 

and  the  Ltn  aircraft.  The  interrogator  is  identified 

by  the  first  number  within  the  parentheses.  In  the  i 

mnemonic  shown,  the  number  1 indicates  that  the 

propagation  is  to  the  interrogator  of  interest. 

J 

•4 

| 

TRANP3 

Time  at  which  the  Pj  pulse  from  the  interrogator  of 
interest  was  transmitted  at  the  ground  site.  This 
time  is  given  with  reference  to  zero  start  time  of 
the  simulation. 
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constitute  coded  transponder  replies  to  the  gro  ind  site 
transmitted  interrogations.  (Insertion  of  coded  pulses 
between  framing  pulses  F^  and  F2  relates  to  aircraft 
transponders  in  actual  use.  The  simulation  model  trans- 
ponder reply  function  does  not  require  definition  of  any 
specific  reply  code;  hence,  it  makes  use  of  the  framing, 
or  bracketing,  pulses  only.) 

3.7  TRANSPONDER  PROGRAM  LISTING  DETAILS 
3*7.1  Program  Content 

The  remaining  paragraphs  of  Section  3 cover  that  portion  of 
the  simulation  model  computer  program  relating  to  transponder 
operation.  Together  with  the  descriptive  information  on  trans- 
ponder input  and  output  parameters  contained  in  paragraphs  3.5  and 
3.6  respectively,  this  section  provides  the  programmed  steps 
through  which  the  transponder  functions  are  realized.  The  inputs 
to  the  transponder  in  the  simulation  model  approximate  those 
detected  in  actual  transponder  operation. 

3.7.2  Transponder  Functions  Covered  in  Program 

The  following  functions  are  covered  in  the  program  listing 
for  the  transponder.  (The  program  listing  for  transponder  opera- 
tion is  contained  in  table  3-5.) 


‘ I 3 . 7 . 2 . 1 Desensitization 

I i 

: I a.  When  input  pulses  are  received  at  the  transponder,  the 

j | transponder  receiver  undergoes  desensitization  in  accordance  with 

y || 

| either  of  the  following  operational  purposes: 

i g Echo  suppression 

' ^ 

| ( Reply  rate  limit  control. 

f • b.  In  the  first  approach  to  desensitization,  a pulse  re- 

ceived  at  the  transponder  antenna  causes  the  transponder  receiver 
I : sensitivity  to  be  reduced  by  an  amount  within  9dB  of  the  desensi- 

} tizing  signal.  (According  to  the  U.S.  National  Standard,  DOT/FAA 


Mi 
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Order  No.  1010. 51A,  the  desensitization  must  not  exceed  the  value, 
in  dB,  of  the  desensitizing  pulse.)  This  action  prevents  the 
transponder  receiver  from  being  influenced  by  echo  interference 
signals.  The  desensitization  can  be  caused  by  a pulse  from  an 
interrogation  pair,  or  by  a pulse  from  a suppression  pair,  or  even 
by  a noise  pulse.  In  every  case,  however,  desensitization  is 
followed  by  a recovery  period  during  which  the  receiver  sensi- 
tivity is  restored  in  the  manner  described  in  paragraph  3.2.5. 

c.  In  the  second  method  of  receiver  desensitization,  an  in- 
coming interrogation  or  suppression  pulse-pair  is  detected  by  a 
reply  limit  control  circuit  in  the  transponder  receiver.  When  the 
pulse-pair  is  properly  decoded,  a reply  is  generated  from  the 
transponder,  and,  at  the  same  time,  the  supply  voltage  to  the  IF 
stages  of  the  transponder  receiver  is  reduced.  The  latter  action 
decreases  the  sensitivity  of  the  transponder  receiver.  After 
desensitization,  the  receiver  sensitivity  is  recovered  exponential- 
ly in  a manner  described  in  detail  in  Appendix  A.  (Refer  also  to 
paragraph  2. 3. 6. 3 for  a discussion  of  the  decoding  action  with 
respect  to  the  passive  decoder  portion  of  the  transponder  receiver.) 

d.  Implementation  of  the  sensitivity  reduction  feature  by 
reply  rate  limit  control  occurs  when  the  transponder  reply  rate 
exceeds  a rate  established  in  the  reply  rate  limit  control  circuit. 
Although  the  control  circuit  and  the  simulation  model  permit  limit 
control  adjustments  to  values  between  500  and  2000  replies  per 
second,  the  simulation  model  uses  a nominal  reply  rate  limit  of 
1200  replies  per  second.  The  sensitivity  reduction  for  a reply 
rate  exceeding  the  reply  rate  limit  by  more  than  50  percent  (e.g., 
1800  replies  per  second  for  the  simulation  model)  must  be  at  least 
30dB. 

e.  The  following  text  presents  the  equations  which  form  the 
quantitative  determination  of  transponder  sensitivity  for  both 
echo  suppression  and  reply  rate  limit  control. 

(1)  Transponder  Receiver  Sensitivity  [TS'ISTV(JAC)  ] . The 
dynamic  transponder  receiver  sensitivity  takes  into 
account  the  effects  of  desensitization  due  to  echo  sup- 
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pression  and  to  reply  rate  limiting.  It  also  includes 
the  maximum  sensitivity  of  the  transponder  receiver,  as 
noted  in  equation  3-3. 

TSNSTV(JAC)  - TSNSMX(JAC)  + TDSNEC(JAC)  + TDSNRL(JAC)  (3-3) 

The  maximum  transponder  receiver  sensitivity  TSNSMX(JAC) 
corresponds  to  the  MTL  (minimum  triggering  level)  of  the 
transponder  receiver,  and  has  a nominal  value  of  -71dBm 
in  the  simulation  model.  The  desensitizations  (in  dB) 
due  to  echo  suppression  (TDSNEC(JAC)]  and  to  reply  rate 
limiting  [TDSNRL(JAC) ] are  positive  quantities  which  are 
added  to  TSNSMX(JAC)  to  provide  the  dynamic  sensitivity 
of  the  transponder  receiver. 

(2)  Desensitization  Due  to  Echo  Suppression  [TDSNEC 
(JAC) ] . This  time-varying  parameter  corresponds  to  the 
sensitivity  variations  indicated  by  the  negative- slope 
line  in  figure  3-2  of  paragraph  3.2.5.  Its  value  is 
determined  by  the  relationship  of  parameters  in  equation 
3-4. 

TDSNEC (JAC)  = TDESEC (JAC)  - 3.5E+06*  (TXPNDR(I)  - TTDSEC(JAC)) 

(3-4) 

At  the  time  when  the  last  desensitizing  pulse  is  applied 
to  the  transponder  and  just  before  sensitivity  recovery 
begins,  the  echo  suppression  parameter  TDSNEC (JAC)  has 
its  maximum  desensitizing  valie,  and  is  identical  to 
TDESEC(JAC)  (see  table  3-3).  Recovery  then  begins,  and 
proceeds  at  the  rate  of  3.5dB  per  microsecond.  The  time 
of  interest  for  computation  of  TDSNEC (JAC)  is  the  dif- 
ference be'  .veen  the  time  of  desensitization  for  the  last 
pulse  which  caused  desensitization  to  occur  [TTDSEC 
(JAC)]  and  the  time  of  arrival  of  the  current  pulse  of 
interest  (TXPNDR(I)]. 

(3)  Peak  Desensitization  Due  to  Echo  Suppression 
[TDESEC (JAC) ] . (The  following  statement  applies  to 
an  I pulse  or  to  a J pulse.  The  illustrative 
equation  3-5  will  refer  to  the  I pulse.)  This  para- 


meter  expre  ses  the  difference  between  the  power  in  the 
most  recent  pulse  received  by  the  transponder  [PXPNDR(I)] 
and  the  desensitization  difference  (DHSDIF)  which  the 
transponder  experiences,  in  accordance  with  the  specifica- 
tion in  the  U.S.  National  Standard,  DOT/FAA  Order  No. 

1010. 51A,  on  receipt  of  an  input  pulse.  This  mandatory 
reduction  in  receiver  sensitivity  is  discussed  in  the  Note 
of  paragraph  3.2.5.  Since  the  computation  is  done  with 
the  transponder  receiver  maximum  sensitivity  (TSNSMX(JAC) ] 
as  zero  reference,  this  value  is  also  subtracted  from 
PXPNDR(I) . The  relationship  is  shown  in  equation  3-5. 


TDESEC (JAC)  « PXPNDR(I)  - DESDI F-TSNSMX (JAC)  (3-5] 

(4)  Desensitization  Due  to  Reply  Rate  Limiting 
[TDSNRL(JAC) ] . This  contribution  to  desensitization  in 
the  equation  for  total  receiver  dynamic  sensitivity 
[TSNSTV (JAC) ] is  given  by  equation  3-6: 

TDSNRL(JAC)  « 60*ALOG10( 12 . / (12 . - (12 . -TDESRL(JAC) ) * 

EXP( (TTDSRL(JAC)  - TXPNDR(I))/ALTAUR(JAC)))  (3-6) 


The  basis  for  this  equation  is  the  equation  for  the  total 
change  in  the  minimum  detectable  signal  SR  (in  dB)  due  to 
the  reply  rate  limit  control: 


sr  - 60  Io®io  fVv(t)J 


(3-7) 


(See  Section  III,  SUMMARY,  of  Appendix  A.) 

Comparison  of  equations  3-6  and  3-7  shows  that: 

SR  corresponds  to  TDSNRL(JAC) ; 

VQ  corresponds  to  12;  and 

^(t)  corresP°"ds  the  denominator  in  equation  3-6. 

V(t)  also  corresponds  to  equation  (2)  of  Appendix  A.  The 
correspondence  is  indicated  in  the  equations  reproduced 
below  for  comparison: 

From  Appendix  A,  equation  (2), 
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n jp  u wi* 


(t) 


vo  • [Vo  - V<*J>] 


-(t-tD)/TT 


R 


From  equations  3-6  and  3-7  of  Section  3, 


(t) 


(12 . - (1 2 . -TDESRL ( JAC) ) * EXP ( (TTDSRL (JAC) 
- TXPNDR(I) ) /ALTAUR (JAC) )) 


3.7. 2. 2  Decoding.  In  the  decoding  process,  the  time  separation 
between  input  pulses  is  interpreted.  For  example,  if  the  trans- 
ponder recognizes  two  input  pulses  separated  by  a two-microsecond 
spacing,  it  will  interpret  them  as  a P^-P2  suppression  pulse-pair. 
Similarly,  if  two  pulses  received  by  the  transponder  are  separated 
by  8 microseconds  or  by  21  microseconds,  the  transponder  will 
decode  them  as  a corresponding  mode  A or  mode  C (Pj'Pj  pulse-pair) 
interrogation.  (Only  mode  A and  mode  C decoders  are  incorpoiated 
in  the  current  transponder.) 


3. 7. 2. 3 Inhibition.  The  transponder  program  listing  includes 
statements  which  determine  that  certain  intervals  of  time  repre- 
sent either  suppression  (SLS)  or  interrogation  dead  time.  In  the 
first  case,  the  information  will  be  related  to  the  fact  that  a P2 
pulse  preceded  immediately  before  the  time  space  being  investigated. 
In  the  latter  case,  the  dead  time  in  question  will  have  immediately 
followed  the  Pj  pulse  of  an  interrogation. 

3.7.3  Transponder  Program  Listing  Parameters 

Parameters  used  in  the  transponder  program  listing  are  ex- 
pressed as  mnemonics,  and  are  referenced  and  defined  in  table  3-3. 

3.7.4  Transponder  Program  Listing 

a.  A listing  of  the  transponder  portion  of  the  simulation 
program  is  preceded  by  a flow  chart  of  the  simulation  routines 
(figure  3-3)  and  by  a tabular  summary  of  the  program  statements 
(table  3-4).  The  combination  of  flow  chart  and  summary  clarifies 
the  steps  of  the  program,  and  also  serves  as  a guide  to  the  step 
sequence  in  the  actual  program  listing  of  table  3-5. 
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b.  The  flow  chart  provides  a program  step  sequence  which 
furnishes  a quick  insight  into  the  overall  simulation  function 

of  the  transponder.  The  functional  blocks  have  numbers  associated 
with  them;  these  numbers  correspond  to  the  identically  numbered 
statements,  in  the  simulation  program,  to  which  the  block  func- 
tions are  applicable. 

c.  The  tabular  summary  expands  upon  and  clarified  the  Simula 
tion  program  step  sequence  which  determines  transponder  operation. 
The  Statement  Content  column  (table  3-4)  reproduces  the  program 
statements  in  text  form.  The  Comments  column  explains  the  basis 
on  which  the  statements  are  made,  interprets  the  statements,  and 
references  previous  material  relevant  to  the  particular  statements 


f 
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TABLE  3-3.  TRANSPONDER  PROGRAM  LISTING  PARAMETERS 


Parameter  Description 

ALTAUR  (JAC)*  This  parameter  represents  a combined-form  time 

constant  The  time  constant  is  part  of  an 

equation  which  determines  the  exponential 
recovery  of  voltage  in  a reply  rate  limit  control 
circuit  just  after  desensitization.  For  addi- 
tional information  on  determination  of  this 


DEADT  (JAC) 


exponential  recovery  and  the  contribution  of 
this  exponential  recovery  and  the  contribution 
of  time  constant  at^,  refer  to  the  discussion  in 
Appendix  A (Transponder  Reply  Rate  Limited 
Control  Model  for  ATCRBS  Simulation)  , and  partic- 
ularly to  equation  (2)  of  that  discussion. 

An  input  parameter  representing  the  time  inter- 
val during  which  the  transponder  will  not  reply 
to  any  other  interrogation.  This  time  interval, 


which  can  last  from  0 to  125  microseconds, 
begins  on  completion  of  a transponder  reply  to 
a proper  interrogation.  Therefore,  when 
referencing  the  dead  time  period  to  the  P3  pulse 
of  the  interrogation,  the  following  times  must 
be  added: 


In  this  case,  and  wherever  else  it  occurs  in  table  3-3,  the 
parenthesized  expression  JAC  signifies  that  the  mnemonic  with 
which  JAC  is  associated  applies  to  an  array  of  aircraft  (and 
their  transponders),  of  which  the  Jt"  aircraft  is  the  aircraft 
of  interest.  (Also  refer,  in  table  3-3,  to  the  definition  of 
JAC.) 
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TABLE  3-3.  TRANSPONDER  PROGRAM  LISTING  PARAMETERS  (CONT'D) 


Parameter 


Description 


DEADT  (JAC) 
(Cont. ) 


3 microseconds  - 


time  delay,  from  reception 
of  the  P3  pulse  by  the  trans- 
ponder to  beginning  of  the 
transponder  reply 


20.3  microseconds  - reply  time,  from  leading 

edge  of  framing  pulse  Fj 
to  leading  edge  of  framing 
pulse  F2 

0.45  microsecond  - width  of  framing  pulse  F2 

4.35  microseconds  - time  interval  following  a 

framing  pulse  F2,  reserved 
for  application  of  an  SPI 
(special  position  identi- 
fication) or  IDENT  pulse 
initiated  by  a pilot. 


DELAY 

DESDIF 


A parameter  related  to  computation  of  REPLY  (J) . 
(See  table  3-2.) 

Desensitization  difference.  This  parameter  con- 
tributes to  the  degree  of  desensitization  which 
a transponder  receiver  undergoes  on  receipt  of  a 
pulse  more  than  0.7  microsecond  in  duration.  It 
is  expressed  as  the  difference  between  the  power 
of  the  input  pulse  and  the  peak  desensitization 
caused  by  the  input  signal.  The  allowable  vari- 
ation in  this  difference  is  between  0 and  9dB. 

A nominal  difference  of  5dB  from  the  input  pulse 
power  is  used  in  the  simulation  model  program. 
For  additional  information  on  this  topic,  refer 
to  paragraph  3.2.5  and  figure  3-2. 


HFTAUR  (JAC) 


This  parameter  equals  1/2  tr.  It  is  used 
in  the  computation  of  TDESRL  (supply  voltage  to 
the  transponder  receiver  IF  amplifiers  just 
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after  the  most  recent  desensitization)  under  con- 
ditions where  the  reduction  in  voltage,  AV,  is 
an  exponentially  varying  quantity.  [Refer  to 
Appendix  A and  the  discussion  relative  to 
equations  (1)  and  (7).] 

A variable  integer  which  indicates  the  number  of 
reply  pulses  (sum  of  all  and  F2  framing 
pulses)  transmitted  by  the  transponder  during 
the  present  simulation  cycle.  (See  paragraph 
3.6a.) 

A parameter  which  indicates  whether  a transponder 
reply  rate  limit  control  circuit  is  activated  by 
an  interrogation.  The  reply  rate  limit  control 
circuit  is  activated  when  the  parameter  equals 
1,  and  not  activated  when  the  parameter  equals 
0. 

A parameter  which  indicates  whether  a transponder 
reply  rate  limit  control  circuit  is  activated  by 
suppressions.  The  reply  rate  limit  control  cir- 
cuit is  activated  when  the  parameter  equals  1, 
and  not  activated  when  the  parameter  equals  0. 

If  both  IRLREP  (JAC)  and  IRLSLS  (JAC)  equal  1, 
both  interrogation  and  suppression  pairs  cause 
reply  rate  limit  action. 

aircraft.  An  interrogator  of  interest  in- 
terrogates one  aircraft  transponder  at  a time. 

For  the  first  aircraft  transponder  interrogated, 
JAC  * 1;  for  the  second,  JAC  * JAC  + 1,  and  for 
the  third,  JAC  * JAC  + 1.  This  type  of  designa- 
tion occurs  for  successive  interrogations  until 
JAC  = NACRFT,  the  maximum  number  of  aircraft 
appearing  during  the  present  simulation  cycle. 
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TABLE  3-3.  TRANSPONDER  PROGRAM  LISTING  PARAMETERS  (CONT’D) 

Parameter  Description 

KNTINT  (JAC)  A parameter  which  indicates  a running  count  of 

transponder  replies 


\ 


I 

t 

i 

i 

i 


i 

i 

i 


KNTSLS  (JAC) 
KRSLS 


NPULS 

PROPTM  (1  ,L) 

PXPNDR  (I) 
PXPSAV  (JAC) 


REDSNS 


REPLY  (J) 
REFT I M 


A parameter  which  indicates  a running  count  of 
suppressions 

Receiver  side-lobe  suppression  switch.  The 
switch  is  off  when  the  parameter  equals  0,  and 
on  when  the  parameter  equals  1. 

Transponder  input  parameter.  (See  table  3-1.) 

Parameter  related  to  computation  of  REPLY  (J) . 
(See  table  3-2.) 

Transponder  input  parameter.  (See  table  3-1.) 

This  parameter  represents  the  power  in  an  uplink 
pulse  (arriving  at  the  Jth  aircraft)  which  is 
saved  for  future  insertion  as  the  first  value  of 
the  next  PXPNDR  (I)  array. 

Reduced  sensitivity,  arbitrarily  introduced  in 
the  program.  It  is  the  number  of  dB  by  which 
the  initial  sensitivity  of  the  transponder  re- 
ceived has  been  reduced  due  to  STC  (sensitivity 
time  control)  action,  and  it  can  vary  from  0 to 
50dB.  (The  nominal  value  for  use  in  the  simu- 
lation model  is  45dB.) 

Transponder  output  parameter.  (See  paragraph 
3.6b.) 

This  parameter  indicates  the  reply  time  for  a 
reply  pulse  from  the  J1*1  aircraft.  The  time  re- 
quired for  the  reply  to  reach  the  interrogator 
of  interest  is  determined  by  the  following 
parameters: 


1 
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TABLE  3-3.  TRANSPONDER  PROGRAM  LISTING  PARAMETERS  (CONT'D) 


Parameter 

REPTIM 
(Cont. ) 


Description 

TXPNDR  (J)  - time  of  arrival  of  the  Jt}l 

pulse  at  the  antenna  end  of 
the  transponder. 

DELAY  - Transponder  reply  delay 

between  leading  edge  of  the 

4 L 

J pulse  and  the  leading  edge 
of  the  first  pulse  of  the 
reply 

PROPTM  (1,JAC)  - Time  of  propagation  between 
interrogator  of  interest  and 
the  J**1  aircraft 

TRANP3  - Time  at  which  the  J1*1  pulse 

(in  this  case  equivalent  to 
a Pj  pulse)  was  transmitted 
at  the  ground  site.  This  time 
is  referenced  to  the  zero 
start  time  of  the  simulation. 


[Note:  REPTIM  as  used  in  the  program  listing 

(table  3-5)  is  interchangeable  with  REPLY  (J) , 
equation  3-1  of  paragraph  3.6b.  REPTIM 
is  calculated  in  the  program  listing  as  in 
statement  1345.  This  value  is  then  used  in 
the  program  by  replacing  REPLY  (J)  with 
REPTIM  whenever  reply  time  would  again  have 
to  be  computed  (e.g.,  step  ATCRBS  1334  in 
table  3-5).  This  procedure  saves  computer 
time  by  limiting  determination  of  reply  time 
to  a single  computer  operation.) 

Maximum  range  in  nmi  indicated  on  the  ground 
receiver  display 

Minimum  range  in  nmi  indicated  on  the  ground 
rpreivcr  display 
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TABLE  3-3.  TRANSPONDER  PROGRAM  LISTING  PARAMETERS  (CONT'D) 


Parameter  Desci iption 

RRLCO  Reply  rate  limit  cutoff.  At  this  value  (in  dB) 

the  transponder  sensitivity  is  near  maximum.  If 
the  contribution  to  desensitization  [TDSNRL 
(JAC)]  is  less  than  or  equal  to  RRLCO,  that 
value  of  TDSNRL  (JAC)  can  be  used  as  suffi- 
ciently accurate  for  the  determination  of  the 
receiver  sensitivity  [TSNSTV  (JAC)].  Otherwise, 
TDSNRL  (JAC)  is  computed  in  accordance  with 
equation  3-6.  During  periods  of  low  activity, 
i.e.,  when  inputs  are  low  and  the  receiver 
sensitivity  in  the  vicinity  of  RRLCO  is  within 
3dB  of  maximum  sensitivity,  use  of  RRLCO  as  a 
criterion  makes  possible  the  saving  of  computer 
time.  This  is  so  because,  with  this  approxima- 
tion, it  is  unnecessary  for  the  computer  to  go 
through  the  computation  of  TDSNRL  (JAC)  for 
exact  determination  of  TSNSTV  (JAC)  (total 

f.  L. 

sensitivity  of  the  J aircraft  transponder 
receiver) . 


RSLVL 


Receiver  side-lobe  suppression  level  setting  at 
the  ground  receiver.  This  setting  contributes 
to  determination  of  a potential  side-lobe  reply 
at  the  ground  receiver.  If,  when  the  receiver 
side-lobe  suppression  switch  KRSLS  is  on,  the 
level  RSLVL  plus  the  power  of  the  reply  pulse 
received  on  the  onmidirectional  antenna 
(TPOWOM  (JAC)]  equals  or  exceeds  the  power  of 
the  reply  pulse  received  on  the  directional 
antenna  [TPOWER  (JAC)],  the  reply  pulse  is 
rejected. 


SENSTV  (1) 


Maximum  ground  receiver  sensitivity.  This  is 
analogous  to  TSNSMX  (JAC),  the  MTL  (minimum 
triggering  level)  of  the  transponder  receiver. 
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TABLE  3-3.  TRANSPONDER  PROGRAM  LISTING  PARAMETERS  (CONT'D) 


Parameter 


Description 


SEN ST V (2) 


Dynamic  (time-varying)  sensitivity  of  the  ground 
receiver.  This  is  analogous  to  TSNSTV  (JAC), 
the  transponder  receiver  sensitivity. 


SUPPT  (JAC) 


Suppression  time.  This  is  a constant,  which  is 
provided  as  an  initial  input  to  the  program. 


TDESEC  (JAC) 


Total  desensitization  due  to  echo  suppression 
when  the  last  pulse  was  received  by  the  trans- 

a.L 

ponder  receiver  of  the  J n aircraft 


TDESRL  (JAC) 


Value  of  supply  voltage  to  the  IF  amplifier 
stages  just  after  the  last  (or  most  recent) 
reply  rate  desensitization 


TDSNEC  (JAC) 


Contribution  (in  dB)  of  echo  suppression  to  the 

desensitization  of  the  transponder  receiver  of 
t h 

the  J aircraft.  Since  this  parameter  con- 
tributes to  a reduction  in  sensitivity  of  the 
transponder  receiver,  its  value  must  be  positive 
(A  negative  value  would  signify  an  increase  in 
the  transponder  receiver  sensitivity.  This 
condition  is  prevented  from  occurring. 


TDSNRL  (JAC) 


This  parameter  contributes  to  the  desensitiza- 
tion of  the  transponder  receiver  in  the  same 
manner  as  described  for  the  parameter  TSDNEC 
(JAC).  In  this  case,  however,  the  contribution 
to  desensitization  is  due  to  reply  rate 
limiting. 


TMAX 


Time  between  transmission  of  a pulse  from  the 
interrogator  of  interest  to  an  aircraft  trans 
ponder  at  the  maximum  range,  and  reception  of 
the  reply  from  the  transponder  at  the  ground 
site  receiver.  This  time  is  computed  in  the 
input  of  the  simulation  program. 
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Parameter 


TPOWEIl  (JAC) 


TPOWOM  (JAC) 


TRANP3 


TSNSMX  (JAC) 


TSNSTV  (JAC) 


TTDSEC  (JAC) 


TTDSRL  (JAC) 


TXPNDR  (I) 
TXPSAV  (JAC) 


Description 


Time  between  transmission  of  a pulse  from  the 
interrogator  of  interest  to  an  aircraft  trans- 
ponder at  the  minimum  range,  and  reception  of 
the  reply  from  the  transponder  at  the  ground 
site  receiver.  This  time  is  computed  in  the 
input  of  the  simulation  program. 

Transponder  power  received  on  directional 
antenna  by  the  ground  receiver 

Transponder  power  received  on  omnidirectional 
antenna  by  ground  receiver 

Parameter  related  to  computation  of  REPLY(J). 

(See  table  3-2.) 

Maximum  sensitivity  for  transponder  receiver  of 
the  Jth  aircraft.  This  parameter,  which  cor- 
responds to  the  MTL  (minimum  triggering  level) 
of  the  receiver,  is  fixed  for  a particular 
transponder,  but  can  vary  for  different  trans- 
ponders in  other  aircraft. 

Dynamic  (time-varying)  sensitivity  of  the  trans- 
ponder receiver.  This  is  analogous  to  SENSTV  (2) 
the  ground  receiver  sensitivity. 

Time  of  desensitization  for  the  last  pulse  which 
caused  desensitization  to  occur 

Time  of  last  desensitization  for  reply  rate 
limit  circuit  (i.e.,  the  last  or  pi‘P3 

action  causing  desensitization).  This  can  also 
be  stated  as  the  time  of  arrival  of  the  P2  or  P^ 
pulse  of  the  pulse-pairs  mentioned  above. 

See  definition  in  table  3-2. 

This  parameter  represents  the  time  of  arrival  of 
an  uplink  pulse  (arriving  at  the  J aircraft) 


TABLE  3-3.  TRANSPONDER  PROGRAM  LISTING  PARAMETERS  (CONT'D) 


Parameter 


TXPSAV  (JAC) 
(Cont.) 


Description 


which  is  saved  for  future  insertion  as  the  first 
value  of  the  next  TXPNDR  (J)  array.  (See  table 
3-2  for  definition  of  TXPNDR.) 

Input  to  a log  routine  used  in  determining  XLOG 

Log  to  the  base  10  of  the  computed  range  to  the 
aircraft  in  question.  The  range  is  computed  in 
the  elapsed  time  of  the  reply  from  a transmission 
to  the  interrogator  of  interest.  (The  reply  need 
not  have  been  caused  by  an  interrogation  pulse- 
pair  from  the  interrogator  of  interest.) 
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Figure  3-3.  Flow  Chart  of  ATCRBS  Transponder  Simulation  Routine 
(Sheet  1 of  7) 
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Figure  3-5.  Flow  Chart  of  ATCRBS  Transponder  Simulation  Routine 
(Sheet  2 of  7) 
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Flow  Chart  of  ATCRBS  Transponder  Simulation  Routine 
(Sheet  5 of  7) 
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The  parenthesized  number  identifies  the  numbered  sheet  of  figure  3-3  on  which  the 
correspondingly  numbered  functional  block  is  located. 
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or  equal  to  0,  go  to  state-  TDSNEC(JAC)  is  less  than  0,  the  time 

1331.  elapsed  from  the  initiation  of  the 

desensitizing  pulse  has  already  exceeded 
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>44 


TABU:  3-4.  TABULAR  SUMMARY  OF  TRANSPONDER  PROGRAM  LISTING  (CONT’D) 


than  0,  replace  the  value  of  TDSNEC  received,  and  TDSNEC(JAC)  is  identical 

(JAC)  with  TDESEC (JAC) ; replace  the  to  TDESEC(JAC) . By  replacing 


case,  proceed  to  statement  7772.  If, 
however,  there  are  still  pulses  left  in 
the  present  simulation  cycle  (i.e.,  J 
is  less  than  or  equal  to  NPULS) , *efer 


3-4  7 


(TJI)  is  less  than  1.575  microseconds,  microseconds  (2  microseconds  minus  a 
go  to  statement  1305.  0.425-microsecond  tolerance)  precludes 

the  possibility  of  a P.-P.,  suppression 
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the  counter  is  off  [IRLREP(JAC) 
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(IREPLY)  is  equal  to  or  greater  than  maximum  of  200  reply  pulses,  a value  o 

201,  go  to  statement  1398.  IREPLY  greater  than  200  causes  a diag- 

nostic to  be  brought  to  the  program- 
mer’s attention  by  a computer  printout 


TABLE  3-4.  TABULAR  SUMMARY  OF  TRANSPONDER  PROGRAM  LISTING  (CONT’D) 


previous  STC  computation  for  t 
pulse,  if  the  computed  dynamic 
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TABLE  3-4.  TABULAR  SUMMARY  OF  TRANSPONDER  PROGRAM  LISTING  (CONT’D) 
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refers  tf'  a pulse  in  the  present  case,  rather  than  to  a P^  pulse.  The  latter 
steps  are  included,  and  commented  on,  in  this  table  between  statements  1310  and 
1345. 
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TABLE  3-5.  TRANSPONDER  PROGRAM  LISTING 
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I 


£ 

? 


I 


f; 

v: 

i 

g 


I 

I 

£ 

I 


1203 

CO  TO  (136t«137?«1373»137*>»lJri.AaUAC> 

ATCRRS 

*??* 

137? 

NPliLS*MPliCS*l 

ATCR8S 

1225 

NP1*NPULS*1 

ATCRHS 

1226 

NP?*NPIILS*2 

ATC«B5 

1227 

00  13H?  !JK«2.NPUtS 

ATCRHS 

1228 

.7  XPNOR I NP2«  1 JK » »T  XPNOR  (NP 1 - 1 JK ) 

ATCRPS 

1229 

1 3*2 

PXPNOR ( NP?- I JK I «PXRNDR  <NP 1 - 1 JK  1 

ATCRPS 

1230 

TXPNOR ( 1 1 «TXPS*V ( JAC) 

ATCRBS 

1231 

PXPNOR 1 1 * «PXPSAV (JAC) 

ATCRBS 

1232 

t«l 

ATCRBS 

l??i 

J«2 

ATCRBS 

123* 

OO  TO  1323 

ATCRBS 

123S 

1373 

NPUL5=NPUL5*  1 

ATCRBS 

1236 

NP1«NPULS*1 

ATCRBS 

1237 

NP2*NPUtS*2 

ATCRBS 

1238 

00  138*  IJK>2«NPULS 

ATCRBS 

1239 

TXRNOR  (NP2-  T JK  > «T  XPNOR 1 NP  1 - I.IK » 

ATCRBS 

12*0 

1 IS* 

PXPNOR (NP2- | JK ) kPXPNOR (NP 1 - I JK ) 

ATCRBS 

12*1 

TXPN0R(1)«TXPSAV(JAC) 

ATCRBS 

12*2 

PXPN0R(1I«PXP3AV(JACI 

ATCRBS 

12*3 

J»1 

ATCRBS 

12** 

!*? 

ATCRBS 

12*5 

GO  TO  1388 

ATCRHS 

12*6 

117* 

NPIILS-NPUISM 

ATCRHS 

12*7 

NPl«NPULS*l 

ATCRHS 

12AU 

np?»npiilk*? 

ATCRBS 

12*9 

00  138*  IJK-2.NPUUS 

ATCRBS 

1250 

TXRNOR (NP2- I JK ) *T  XPNOR (NP 1-1 JK ) 

ATCRHS 

1251 

1 3*6 

PXPNOR ( NP2- 1 JK ) RnXPNOR (NP 1 - 1 JK » 

AT(  RR5 

1252 

T XPNOR ( 1 ) *TXP5AV( JAC) 

ATCRBS 

1253 

PXPllDR  ( 1 ) “PXPSAV ( JAC) 

ATCRBS 

125* 

J*1 

ATCRHS 

1255 

1*? 

ATCRBS 

1256 

GO  TO  1389 

ATCNBS 

1257 

17*1 

I«l 

ATCRBS 

12S8 

1301 

CONTINUE 

ATCRHS 

1259 

1321 

IP  (TDKNCC(JAC) .LE.O.)  GO  TO  1331 

ATCRBS 

1260 

T08NEC(J*C)«TOESEC(JACl“3«5f  ♦06*(TXPNORn>-TTOSEC(JAC)) 

ATCRBS 

1261 

IF  ITOSNEC(JAC) .LT.O. ) TO$NEC(JAC>»0. 

ATCRB5 

1262 

! 131 

tr  ITOSNOt ( JAC)  .LE.RRLCO)  GO  TO  13*3 

ATCRBS 

1263 

TOSNPL  ( JAC)  *60  .#AI.0G1 0 ( 12.  / (!?•“(  12.-T0ESRL  (JAC)  )*E*P(  (TTDSRU  ( JAC) 

ATCRBS 

126* 

1 -T  XPNOR  ( 1 1 1 / At  T AUR  ( JACM 11 

ATCRBS 

1265 

13*3 

TSNSTV! JAC) *TSN5MX( JAC) *TOSNEC (JAC)  »TOSNRUJACI 

ATCRBS 

1266 

IF  tPXPtlO* ( 1 1 .GE, TSNSTV (JAC)  > 00  TO  1322 

ATCRBS 

1267 

P*RNOR(1)*-1000. 

ATCRHS 

1268 

1316 

1*1*1 

ATCRBS 

1269 

IF  (I.OT.NPU.S)  GO  TO  7771 

ATCRBS 

1270 

GO  TO  1301 

ATCRI15 

1271 

132? 

TOESEC ( JAC) «PXPNOR ( 1 1 -OSSUi.'  "C-ISHX  t JAC) 

ATCRBS 

1272 

IF  (TOrSfC(JAC).l.r.O.)  ’OEiEC'.SC)*#. 

ATCRBS 

1273 

TOSNFC  ( JAC)  *10X5.7*;  ( JAC) 

ATCRBS 

127* 

TTC*FC(JAC»*TXPNOH(II 

ATCRBS 

1275 

1311 

J*I*I 

ATCRBS 

1276 

1307 

IF  (J.GT.NPUUS)  GO  TO  7772 

ATCRBS 

1277 

13?1 

IF  (?OSNFC(JAC).t.E.O.>  GO  TO  1331 

ATCRBS 

1278 

TOSNFC ( JAC) *T0FSEC( JAC) *3«5F  *06* (TXPNDR(J)-TTOSECl JAC) ) 

ATCRBS 

1279 

IF  (TDPNEC(JAC).LT.O.)  TOSNEC 1 JAC) *6. 

ATCRHS 

1280 

1717 

IF  (TOSNRC (JAC) (lE.PAt  CO)  GO  TO  13** 

ATCRBS 

1281 

TDSNBL  ( JAC) *60«#*LOO10 • 12.  / 1 12.” ( 12«”TDESR(.  t JAC)  I *E*P(  ITTOSRL 1 JAC) 

ATCRBS 

1282 

)-TXPV0P(J))/A).TAuR|JACII)1 

ATCRBS 

1283 

11** 

T SNST V ( JAC ) s T SNSMX ( JAC ) • T 07NFC ( JAC ) ♦ TOSNRtl JAC 1 

ATCRBS 

128* 

ir  (PXPNOR! J>.GE. TSNSTV ( JAC) ) 00  TO  13?* 

ATCRRS 

1281 

PXPNOR (Jl»-1 000. 

ATCRBS 

1286 

1701 

J*J*1 

ATCRRS 

1287 

! 

l 
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1 

/= 


'4 
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“4 

'(S 
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TABLE  3-5.  TRANSPONDER  PROGRAM  LISTING  (CONT'D) 


CO  TO  1303 

1394  TPESEC(J4C>*PXPN0P!J>-D€S0IF-TSNSRXIJAC> 

IF  ITOESFCIJAO.cT.O.)  TOESEC I JACI *0. 

10SNFC ( J»C) MOFSEC ( JAC> 

TTOSf  C I J4C  > «TXPNOR I Jt 
TJt*T>PNORtJ)*TXPNORIII 
IF  ITJt.tt.I.TTSE-Wi'  WTO  iJW 
IF  IT Jt .LE.2.425E-06)  00  TO  1386 
1300  IF  1TJI.CT.21.6E-881  SO  TO  1110 

IF  ltTJl.OF.20.4E-06).OR.1A8SITJl*6.E-86I.Lr.0.6E-04>l  00  TO  1310 
J*J»1 

GO  TO  1303 

1310  IF  (IRLRFPI J*C> .FQ.01  CO  TO  134S 

VT«12 .- 1 12.-T0FSRL I JACH *EXP ( ITTOSRU JAC1-TXPN0R I J)  t /ALTAUR I JAC> ) 
IF  (VT.GE.8.5>  GO  TO  1341 
IF  IVT.GE.6.0)  CO  TO  1340 

TOESRU  J4C1  «VT-1  .800*FXP( ITTDSRL I JAO-TXPNORI  J)  1 /HFTAUR I J*C) > 

IF  I T0FSRUJ4CI.lt. 3.)  TOESRL (J4C1-3. 

GO  TO  1342 

1340  T0F4PL(J4C>*VT»1.2RX*EXPMTT0SRUJ4C)>TXPN0R(JI)/HFtAUR(JAC)) 

IF  (TOESRU  JAC1  .LT. 3.)  TOESRU J4CI >3. 

GO  TO  13*2 

1341  T0FSRL(JAC)*VT-0.760*FXR(  (TT0SRL1 JAC1-TXPNDRIJ1  1/HFt~‘W(JAC1  » 

IF  (TnFSRUJACl.LT. 3.)  T0ESRUJAC>*3. 

U TTOSRLI J4C)*TXPN0R( J> 

TOSNRl  t J4C I *60 ,*ALOG 1 0 1 12./T0ESRL t J4C 1 1 
1 145  Rt  ’T I R*T  XPNOR  CJMOELAY *PROPTM  ( 1 . JACI -TRANP3 
1UT  KNT1;.T'J4C)*KNTINT(JAC)*1 

IF  (Ilf  MM. GT.TMAXl.OR.IRCRTIH.LT. THIN!)  GO  TO  1354 
IFMKRSl'S.GT.O). ANO.ITPOHERUACl.LT.  (TPOKOMIJACMWtVLlll  00  TO  13 
199 

xiN«(RfP'lH-OCL*V)/12.36E-06 

XTFST* (■  .N.4N0.00007777777777777777B1 .OR.ITITOOOOOOOOOOOOOOOOR 
SURSCR**  ll'ST*l  000. 

L«SURSCR 

XLor.*V(L)*(Ta«ll-T(Lll»(SUBSCR-FLOAT(Ll>*XLZ*FLOATcSHlFTIXINf-4«) 

1-9751 

SENSTV (?) -SENSTv II 1 •REOSNS-20.»XLO0 
IF  (SENSTVI21 .LT.SENSTV III  1 5ENSTV(21«SENSTV(1) 

IF  ITP0WFR(JAC).LT.SENSTV(2ll  00  TO  1332 
I RE PLY* I REPLY*? 

IF  llRrpLY.GE.201l  GO  TO  1398 
REPLY  I IREPLY-1 )*REPt IN 
PFPLY(1RFPLY1«REPLYI1REPLY-1M20.3E*06 
GO  TO  1399 

1312  Xt4*lRFPTIR.2O.7E-06*OELAVI/'12,36E»O6 

'XTFST*tXtN.4NO.000077777777T7T77777Bl .OR. 17 170000000060000000B 
SUOSCk*X TEST* 1000. 

L*SU«SCR 

XL0G»Y1L1*IY(I.*1)-YIL))*IS0BSCR-FL0ATIL»)*XL2*FL0ATiSH1FTIXIN.-*81 

1*9751 

SENSTVI?) *SENSTV I 1 1 .REOSNS-2#.*XLO* 

IF  ISFNSTVIZI.LT. SENSTVIlll  SENSTV  III  *SENSTVM) 

Kf  fTfflKERI JAC) .LT.SENSTVI21 1 60  TO  1399 
IREPLY*IREPLY*1 
IF  (IRFPLY .OE.201 I GO  TO  1398 
REPLYI1REPLY1*REPTIN»20,3E*05 
1399  I«J 
131R  1*1*1 

IF  (1.GT.NPULS1  GO  TO  7773 

13AA  IF  I (TXPNORI 1 1»TXPN0RIJ1 1 .LE.DCAOT (JAC)I  60  TO  1318 
1326  T0SNEC1 JAC1*0. 

00  TO  1331 
13«R  PRINT  1397 

1397  FORMAT  (25MUREPLY  GREATER  THAN  288. 

STOP 


ATCRBS 

1288 

ATCRBS 

1289 

ATCPPS 

1290 

ATCRBS 

1291 

ATCRPS 

1292 

ATCRBS 

1293 

ATCHtiS 

1294 

ATCRBS 

1295 

ATCRBS 

1296 

ATCRBS 

1297 

ATCRBS 

1298 

ATCRBS 

1299 

ATCRBS 

1300 

ATCRBS 

1301 

ATCRBS 

1302 

ATCRBS 

1303 

ATCRBS 

1304 

ATCRBS 

1305 

ATCRBS 

1306 

ATCRBS 

1307 

ATCRBS 

1308 

ATCRBS 

1309 

ATCRBS 

1310 

ATCReS 

1311 

ATCRBS 

1312 

ATCRBS 

1313 

ATCRBS 

1314 

ATCRBS 

1319 

ATCRBS 

1320 

ATCRBS 

1321 

ATCRB5 

1322 

ATCRBS 

1323 

ATCRBS 

1324 

ATCRBS 

132S 

ATCRBS 

1326 

ATCRBS 

1327 

ATCRBS 

1328 

ATCRBS 

1329 

ATCRPS 

1338 

ATCRBS 

1331 

ATCRBS 

1332 

ATCRBS 

1333 

ATCRBS 

1334 

ATCRRS 

133S 

ATCRBS 

1316 

ATCRBS 

lilt 

ATCRBS 

1116 

ATCR8S 

1319 

ATCRBS 

134* 

ATCRBS 

1341 

ATCRBS 

I*-.. 

ATCRBS 

1343 

ATCRBS 

1344 

ATCRBS 

1345 

ATCRBS 

1346 

ATCRBS 

1347 

ATCRBS 

1348 

ATCRBS 

1349 

ATCRBS 

1350 

ATCRRr 

nsi 

ATCR 

1152 

ATCRBS 

1353 

ATCRBS 

1354 

ATCRBS 

1355 

ATCRBS 

1356 

/ .(.BBS 

»5T 
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TABLE  3-5.  TRANSPONDER  PROGRAM  LISTING  (CONT’D) 


ir  <PXPNORlJ1.6E.IPXPN0ft<ll-4.5ll  00  TO  1335  ATCRBS 
00  TO  1309  ATOMS 
IP  (1XPN0R)  1312. 1312. 1313  ATCRRS 
T01NEC(JACl»0.  ATCRRS 
GO  TO  1316  ATCRRS 
l«J  ATCRRS 
00  TO  1311  ATCRRS 
IF  URLSLSUACl.EQ.OI  00  TO  1353  ATCRRS 
VT»12«*(1 2. -TOESRL ( JACI I «EXP ( (TTOSRL  < JACl -TXPNORI J> 1 /ALTAURI JAC1 1 ATCRRS 
IF  (VT.OC.B.SI  CO  TO  1351  ATCRRS 
IF  (VT.OE.t.OI  GO  TO  1350  ATCRRS 
TOCSRLI JACI*yT-l .BOO*FXP ( (TTOSRL ( JACl -TXPNORUl  1 /HP  YAU*(  JACl I ATCRRS 
IF  ITOESRLI JACI. LT. 3.1  TOESRL <JACI*3.  ATCRBS 
00  TO  1382  ATCRBS 
TOCSRLI  JACMVT-1 .2Bfl<»EXP  I (TTOSRL  ( JACl -TXPNDR ( Jl  1 /HFT AUR ( JACI  I ATCRRS 
IF  (TOESRLUACl.LT. 3.1  TOESRL ( JACI »3.  ATCRBS 
00  TO  I3«  ATCRBS 
TDFSRL < J»C1 »VT-0.T60«FXP 1 (TTOSRL ( JACl-TXPNOR  < Jl I /HFTAUR ( JACI I ATCRRS 
IF  ITOFSRLUACl.LT.3.}  TOESRL (JACl *3.  ATCRBS 
TT0SRLUACI«TXPNM(J1  ATCRBS 
TOSNRL ( JACl »60,«ALOG10 ( 12. /TOESRL I JACl 1 ATCRBS 

CONTINUf ATCRBS 

WiTstTuXCT  SWITttf  (JACl  * 1 ATCRBS 
I*J  ATCRRS 
l«t*l  ATCRBS 
IF  <1.GT.N»ULSI  00  TO  77T*  ATCRBS 
IF ( <TXPNOR< I l-TXPNOR ( Jl I .LE.SUPPV ( JACI 1 00  TO  131?  ATCRRS 
TOS'iF.C(JACI«0.  ATCRBS 
00  TO  1331  ATCRRS 
IJFLAG<JACI<<1  ATCRRS 
GO  TO  7 ATCRBS 
IJFLAG<JAC1<<2  ATCRRS 
T*PSAV<JACI»TXPN0R<11  ATCRRS 
PXPSAV<  JACl  <<PXPN0R<11  ATCRBS 
GO  TO  7 ATCRBS 
! JFLAOI JAC1*3  ATCRRS 
TX«SAV<JACI»TXPNOR<JI  ATCRBS 
PXPSAV  < JAC)  <*PXPN0R  < Jl  ATCRBS 
GO  TO  T ATCRRS 
IJFLAGIJACitS  ATCRBS 
T * RS Ay ( JAC I »T  XPNOR  < J I ATCRBS 
PXPSAV<JAC|«PXPN0P<J1  ATCRBS 
GO  TO  7 ATCRBS 
IJFLAG<JACI<<1  ATCRBS 
CONTINUE  ATCRBS 


4.  DABS  INVESTIGATIONS 


4.1  OBJECTIVES 

4.1.1  General 

The  objectives  of  the  DABS  investigations  performed  by  TSC 
took  into  account  that  the  transition  from  ATCRBS  to  DABS  will  be 
a gradual  one  (over  a period  of  years)  and  that,  until  the  change- 
over is  final,  there  must  be  compatibility  between  the  DABS  and 
ATCRBS  modes  of  operation.  Because  of  this,  it  is  still  possible 
for  ATCRBS  interrogations  to  cause  uplink  interference  to  the  DABS 
(and  also  for  DABS  interrogations  to  interfere  with  ATCRBS  trans- 
ponders) , depending  on  the  transponder  state  at  the  time  of  the 
transmissions.  Three  areas  of  interest  were  covered.  Two  of  them 
'elated  to  the  following  specific  tasks: 

a.  Task  A:  Effects  of  lengthening  suppression  time 

b.  Task  B:  Second-miss  statistics. 

The  third  objective  was  to  evaluate  the  ATCRBS  simulation  model 
functional  validity  in  the  course  of  performance  of  Tasks  A and  B. 
This  evaluation  will  demonstrate  the  capabilities  of  the  model, 
identify  limitations,  and  establish  agreement  with  calculations 
related  to  Tasks  A and  B. 


4.1.2  Task  A - Effects  0f  Increasing  Suppression  Time 

a.  Over  a given  period  of  simulation  time  in  which  interro- 
gation and  suppression  pairs  are  transmitted  from  a ground  site, 
an  aircraft  transponder  will  provide  a number  of  replies,  depend- 
ing on  the  transponder  parameters  such  as  MTL  (minimum  triggering 
level)  and  SLS  (side- lobe  suppression)  time;  on  the  number  of 
valid  interrogations  from  the  ground  site  within  beamwidths  of 
varying  extent;  and  on  the  number  of  suppression  pairs,  which 
inhibit  transponder  replies  for  the  length  of  the  suppression 
period. 

b.  The  effect  of  suppression  time  on  the  number  of  replies 
that  a transponder  would  deliver  with  a given  number  of 
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interrogation  inputs  within  a given  beamwidth  was  determined  by 
comparing  reply  ratios  for  different  lengths  of  suppression  time. 
The  reply  ratio  was  expressed  as  a percentage  of  the  total  number 
of  interrogations  to  which  the  transponder  replied.  With  all 
other  parameters  except  suppression  time  the  same,  the  comparison 
was  made  between  the  reply  ratios  for  the  respective  conditions  of 
suppression  time.  This  basic  comparison  was  made  for  reply  ratios 
involving  varying  interrogation  inputs  as  well  as  varying  suppres- 
sion time,  so  that  a set  of  values  could  be  plotted  as  a curve  of 
relative  reply  ratios  for  varying  suppression  times. 

4. 1.2.1  Reply  Ratio  Input  Parameters.  The  information  needed  for 
determination  of  the  effects  of  lengthened  transponder  suppression 
times  was  obtained  for  three  categories  of  interrogator  transmis- 
sion. The  nature  of  the  categories  was  reflected  in  the  defini- 
tions of  reply  ratios  calculated  for  a number  of  events  occurring 
over  a given  simulation  time. 


RRC  - 


Ratio.  This  calculation  relates 


Nrc,  the  number  of  replies  from  the  transponder,  to  NIC,  the 
number  of  valid  interrogations  from  the  interrogator  of  interest, 
and  is  limited  to  those  interrogations  from  the  beam  center,  with- 
in plus  or  minus  1.2S  degrees  of  the  boresight  axis.  The  reply 
ratio  is  expressed  as 


KKlj  * n . 

"iC 

b.  RRF  - Full-Beam  Reply  Ratio.  The  reply  ratio  in  this 
case  concerns  the  number  of  replies,  NRp,  with  respect  to  Njp, 
the  number  of  valid  interrogations  from  the  interrogator  of 
interest  within  the  full  azimuth  beamwidth.  The  relationship  is 
expressed  as 


c.  RRE  - Whole  Environment  Reply  Ratio.  This  relationship 
includes  replies  to  interrogations  from  all  other  sources  in  the 
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environment  as  well  as  to  those  from  the  interrogator  of  interest. 
The  reply  ratio  is  then 


, where 


Njg  * number  of  valid  interrogations  from  all  sources  in  the 


environment 


* total  number  of  replies. 


The  above  categories  of  interrogator  transmission  were  considered 
for  three  aircraft  positions,  at  each  of  which  positions  nine 
transponders  were  assigned.  These  transponders  had  different 
suppression  times  and  MTLs,  and  were  paired  off  for  comparison 
purposes;  i.e.,  one  of  the  pair  had  a given  reference  suppression 
time  of  35  microseconds,  and  the  other  had  a greater  suppression 
time  (50  microseconds  or  100  microseconds).  The  reply  ratio  data 
for  these  transponder  pairs  were  tabulated,  and  then  plotted  as 
follows: 


RRC,  50  microseconds  versus  RRC,  35  microseconds 


RRC,  100  microseconds  versus  RRC,  35  microseconds 


RRF,  50  microseconds  versus  RRF , 35  microseconds 


RRF,  100  microseconds  versus  RRF,  35  microseconds 


RRE,  50  microseconds  versus  RRE,  35  microseconds 


P.RE,  100  microseconds  versus  RRE,  35  microseconds. 


(The  method  followed  to  obtain  these  points  and  tabulation  and 
plotting  of  the  results  are  discussed  in  paragraphs  4.2.1  and 
4.3.1). 


4. 1.2. 2 Supplementary  Data  for  Selected  Transponders.  In  addition 
to  the  da:a  already  collected  for  the  27  transponders,  supplementa- 
ry data  were  required  of  two  of  them.  The  objective  of  the  latter 
effort  was  to  determine  average  values  for  a selected  number  of 
parameters,  and  to  indicate  graphically  the  cumulative  power 
distribution  of  transponder  input  signals  for  varying  MTLs  and  for 
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specific  but  different  suppression  times  (35  microseconds  and  100 
microseconds) . 

(Discussion  of  the  supplementary  data  for  the  two  special 
transponders,  tabulation  of  data,  and  plotting  of  power  distribu- 
tion data  in  the  form  of  power  histograms  are  covered  in  para- 
graphs 4.2.1  and  4.3.1.) 


4.1.3  Task  B - Second-Miss  Statistics 

4. 1.3.1  Objective  of  Task  B.  This  task  provided  the  investigative 
procedure  for  determining  the  difference  between  the  probabilities 
of  first  and  second  misses  with  DABS  interrogations  and  with  DABS 
transponders  in  assigned  aircraft.  The  criteria  for  this  investi- 
gation are  noted  in  paragraphs  a through  g below  and  in  paragraph 
4. 1.3. 2.  The  method  by  which  the  simulation  was  performed,  the 
results  of  the  investigation  based  on  the  criteria  and  the  simula- 
tion performance,  and  references  to  tabular  and  graphical  informa- 
tion on  the  second-miss  probabilities  are  also  included  in  para- 
graphs 4.2.2  and  4.3.2. 

a.  The  aircraft  and  DABS  interrogator  assignments  are  ncted 
below.  Transponder  characteristics  for  the  DABS  transponders  in 
this  investigation  are  given  in  table  4-1. 

b.  Three  transponders  were  considered  in  this  task,  one  each 
for  aircraft  located  in  the  vicinities  of  Philadelphia  (Trans- 
ponder X) , Trenton  (Transponder  Y) , and  New  York  (Transponder  Z) , 
as  indicated  in  figure  4-1. 

c.  The  DABS  interrogator  of  interest  was  located  at  the 
Philadelphia  International  Airport. 

d.  Transponder  X was  10,000  feet  above  ground  level,  and 
Transponders  Y and  Z were  40,000  feet  above  ground  level.  The 
latitude  and  longitude  for  the  three  aircraft  were  identified  at 
the  positions  indicated  in  figure  4-1. 

e.  The  simulation  was  carried  out  in  an  ATCRBS  1980  environ- 
ment, (The  projection  into  the  1980  period  is  equated  with  the 
assumed  present-day  existence  of  72  interrogators  within  a circular 
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area  of  250-mile  radius,  and  with  the  division  of  the  total  number 
of  interrogators  into  a mix  between  the  FAA  and  the  military. 
However,  despite  the  equality  between  the  projected  and  existing 
interrogator  sites,  the  1980  period  environment  is  expected  to 
develop  to  a higher  functional  level.  This  is  so  because,  whereas 
many  of  the  existing  interrogators  are  not  at  present  in  full-time 
use,  the  1980  environment  is  envisioned  as  one  in  which  all  72 
interrogators  will  operate  at  all  times.  Also,  the  SLS  capability 
does  not  project  appreciably  beyond  the  present  capability  for  the 
1980  environment.  The  FAA  is  expected  to  extend  this  function  to 
most  of  its  equipment,  but  the  military  adaptation  of  this  feature 
will  materialize  at  a slower  pace.) 

f.  Fixed  parameters  for  the  DABS  investigation  Task  B in- 
cluded ATCRBS  mode  A and  mode  C capability,  passive  type  of  de- 
coding, and  an  imperative  reply  rate  limit  control. 

g.  The  dead  time,  suppression  time,  and  MTL  used  for  the 
respective  transponders  are  given  in  table  4-1. 


TABLE  4-1.  TASK  B TRANSPONDER  CHARACTERISTICS 


Transponder 

Location 

Dead  Time 
(Microseconds) 

Suppression  Time 
(Microseconds) 

MTL 

(dBm) 

X 

Philadelphia 

35 

35 

-69 

Y 

Trenton 

35 

35 

-77 

Z 

New  York 

35 

35 

-77 

4 . 1 . 3 . 2 Definitions  of  Hit/Miss  with  Respect  to  DABS 

a.  Interrogations.  Determination  of  probabilities  of  first 
and  second  misses  of  DABS  interrogations  initiated  in  the  simula- 
tion model  depends  upon  the  definition  as  to  what  constitutes  a 
hit  (resulting  in  a transponder  reply)  and  a miss  (resulting  in 
failure  to  reply). 

(1)  The  definition  is  based  on  the  format  of  a DABS 
uplink  signal  as  shown  in  figure  4-2. 
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Figure  4-2.  DABS  Uplink  Signal  Format 


In  actual  field  operation,  decoding  of  the  DABS  uplink 
interrogation  is  accomplished  by  decoding  the  preamble  in 
a manner  similar  to  ATCRBS  uplink  decoding,  and  by 
demodulating  the  differential  phase-shift-keyed  modulation 
type  message.  For  simulation  model  operation,  however, 
the  preamble  is  treated  the  same  as  noted  above,  but  the 
message  is  treated  as  purely  a bracketed  25-microsecond 
period  occurring  in  the  interval  from  3.5  to  28.5  micro- 
seconds after  the  start  of  the  first  preamble  pulse. 

(2)  The  following  cases  identify  misses,  and  are  valid 
for  DABS  interrogations  which  begin  arriving  at  time  t’. 
They  are  equally  valid  for  ATCRBS  interrogations  which 
fit  the  indicated  pulse  power  criteria  and  the  time  of 
arrival  at  the  DABS  transponder.  The  validity  of  includ- 
ing ATCRBS  considerations  in  this  investigation  is  sub- 
stantiated by  the  compatibility  feature  of  the  DABS 
transponder  with  the  ATCRBS  function  in  mode  A and  mode  C. 

b.  Miss  Criteria 

(1)  Transponder  in  reply  state  at  t*  or  in  reply  state 
at  t’  plus  two  microseconds 
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(2)  DABS  received  power  is  less  than  DMTL  for  either  of 
the  preamble  pulses 

(3)  Any  ATCRBS  pulse  with  power  greater  than  or  equal  to 
DABS  power  occurring  in  the  interval  (t*  plus  3.5  micro- 
seconds) to  (t*  plus  28.5  microseconds),  where 

t*  * time  at  which  the  DABS  interrogation  begins  arriving 

Reply  state  * time  between  the  beginning  of  pulse  of  a 
decoded  ATCRBS  interrogation  and  the  end  of 
the  last  reply  pulse 

DMTL  ■ Dynamic  or  time -varying  MTL  which  accounts  for  any 
instantaneous  desensitization.  (Refer  also  to 
paragraph  3.2.5  and  figure  3-2  of  Section  3.) 

(Note:  The  absence  of  all  the  above  conditions  constitutes  a hit.) 

4.2  METHODS  USED  FOR  DATA  GATHERING  AND  PROGRAM  MODIFICATIONS 

This  section  describes  the  procedures  followed  in  producing 
the  simulation  runs  for  OABS  investigation  Tasks  A and  B,  and  the 
modifications  applied  to  the  ATCRBS  program  listing  to  provide 
adaptability  to  DABS  mode  performance  by  the  simulation  model. 

4.2.1  Description  of  Data  Runs  for  Task  A 

Two  runs  were  made  for  determining  reply  ratios.  Fixed  para- 
meters common  to  all  transponders  for  both  runs  included  a dead 
time  of  35  microseconds,  mode  A and  mode  C capability,  reply  rate 
limit  circuit  in  the  off  condition,  and  passive  type  of  decoding. 
Steps  performed  distinctly  for  the  individual  runs  are  outlined 
below. 


4 . 2 . 1 . 1 Run  Number  1 of  Task  A 

a.  Procedure  for  Run  Number  1.  The  first  step  in  gathering 
data  for  the  first  run  was  to  initialize  the  simulation.  In  this 
procedure,  random  initial  conditions  were  selected  for  antenna 
rotations,  sweep  phases,  and  mode  interlace  phases.  These  random 
parameters,  which  were  selected  by  a random-number  generator. 
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were  uniformly  distributed  over  their  ranges,  and  were  chosen  to  be 
independent  of  all  other  parameters. 
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b.  Data  Gathering. 

(1)  Three  aircraft,  located  respectively  in  the  vicinity 
of  Philadelphia,  Trenton,  and  New  York,  were  chosen  for 
this  run.  The  aircraft  were  at  an  altitude  of  40,000 
feet  above  ground  level,  and  were  identified  at  degrees 
latitude  and  longitude  as  shown  in  figure  4-1. 

(2)  Each  aircraft  position  had  nine  transponders.  The 
transponders  were  divided  into  groups  of  three  with 
respect  to  the  MTL  and  suppression  time  characteristics. 
Specifically,  in  each  group  of  three  transponders,  one 
had  a suppression  time  of  35  microseconds;  the  second, 

50  microseconds;  and  the  third,  100  microseconds.  As  for 
the  MTLs,  one  group  of  transponders  had  receivers  with  an 
MTL  of  -77dBm;  the  second  group’s  receiver  MTL  was  -71dBm; 
and  the  receivers  of  the  third  group  had  an  MTL  of  -69dBm. 

(3)  The  interrogator  of  interest  was  located  at  the 
Philadelphia  International  Airport  in  an  environment 
representing  the  1980  period.  (Refer  to  figure  4-1  for 
location  of  the  airport,  and  to  paragraph  4.1.3.1e  for 
additional  comment  on  the  1980  environment.) 

(4)  Two  transponders  of  the  27  mentioned  (paragraph 

4. 1.2. 2)  were  singled  out  for  additional  data  gathering, 
and  were  identified  as  Transponders  A and  B.  Transponder 
A,  located  in  the  Philadelph  a aircraft,  had  an  MTL  of 
-69dBm  and  a suppression  time  of  35  microseconds.  Trans- 
ponder B was  located  in  the  New  York  aircraft,  and  had 
an  MTL  of  -77dBm  and  a suppression  time  of  100  micro- 
seconds. 

(5)  Common  data  were  gathered  for  all  27  transponders. 
These  data  consisted  of  RRC,  RRF,  and  RRE.  The  following 
additional  data  were  gathered  for  Transponders  A and  B: 

Average  valid  interrogation  arrival  rate 


1 
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Average  reply  rate 
Average  valid  SLS  arrival  rate 
Average  suppression  rate 
Average  single^  arrival  rate. 

4.2.1. 2 Run  Number  2 of  Task  A.  The  second  run,  which  applied 
only  to  Transponders  A and  B,  was  performed  similarly  to  the  first 
run  with  respect  to  employment  of  the  same  interrogator  of  inter- 
est and  interrogator  environment,  initialization, and  five-minute 
period  of  data  gathering.  The  data  gathered  included  RRC,  RRF, 
and  RRE,  and  also  the  special  data  for  Transponders  A and  B refer- 
red to  in  paragraph  (S)  above. 

4.2.2  Simulation  Procedure  for  Task  B 

The  simulation  was  carried  out  for  a number  of  starts  selected 
to  cause  approximately  50  random  second  misses  to  occur.  Each 
simulation  was  initialized  and  then  stabilized  for  one  simulation 
cycle,  after  which  the  first  DABS  interrogation  was  transmitted  to 
each  transponder.  The  hit/miss  status  was  determined.  If  a hit 
occurred,  the  event  was  counted,  and  no  further  data  were  taken  on 
that  transponder  until  after  the  next  start.  If  a miss  occurred, 
the  following  sequence  of  steps  was  adopted: 

a.  The  event  was  counted. 

b.  The  hit/miss  status  was  determined  for  a second  DABS 
interrogation  at  time  t later,  with  -r  values  between  1 
and  10  milliseconds  in  5-microsecond  steps. 

c.  The  hit/miss  status  was  determined  at  time  t*  later,  where 
x*  is  a random  variable,  uniformly  distributed  over  the 
interval  1 to  10  milliseconds. 

After  these  computations  were  completed,  the  simulation  was 
restarted,  with  re- initialization  of  input  conditions  completely 
independent  of  any  previous  history. 
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4.2.3  Task  A Program  Listing  Modifications 

The  program  listing  for  Task  A includes  ATCRBS  simulation 
program  modifications  which  make  both  the  DABS  and  ATCRBS  simula- 
tion modes  compatible.  The  flow-chart  presentation  u?  these  modi- 
fications (figure  4-3)  contains  DO  loops  (outer  and  inner  loops) 
which  permit  SLS  and  interrogation  pulse-pairs  and  random  tingle 
pulses  to  be  detected,  analyzed,  identified,  and  recorded.  The 
blocks  in  the  inner  and  outer  loops  follow  the  same  functional 
sequence  except  for  those  blocks  which  terminate  the  respective 
loops.  (This  feature  is  discussed  in  greater  detail  below.)  In 
the  following  discussion  statement  numbers,  ATCRBS  step  numbers, 
and  DABS  step  numbers  refer  to  designations  in  figure  4-3  and  also 
to  corresponding  designations  in  the  program  listing  for  Task  A 
of  Appendix  B. 

4. 2.3.1  Initial  Steps  of  DABS  Modification.  As  noted  in  step 
ATCRBS  1191  of  figure  4-3  and  of  the  Taik  A program  listing,  the 
number  of  pulses  (NPULS)  in  the  present  simulation  cycle  interval 
is  first  determined.  If  only  one  pulse  exists  (NPULS=1),  it  is 
tested  for  detection  by  the  simulation  model  transponder.  If 
this  pulse  can  not  be  detected,  transponder  operation  is  then 
initiated  in  the  program  by  going  to  statement  1203  of  the  Task  A 
program  listing.  (The  transponder  portion  of  the  Task  A program 
is  basically  the  same,  except  for  a few  minor  changes,  as  the 
ATCRBS  transponder  program  described  in  detail  in  table  3-4  of 
Section  3.)  If,  however,  NPULS  can  be  detected  (statement  8101, 
the  first  pulse  from  the  input  array  of  the  next  simulation  cycle 
is  entered  into  the  simulation  model,  and  is  compared  with  the 
detected  NPULS  of  the  previous  input  array  to  determine  whether  an 
interrogation  pulse-pair,  an  SLS  pulse-pair,  or  a random  single  P2 
pulse  has  resulted.  If  the  number  of  remaining  pulses  in  the 
input  array  of  the  present  simulation  cycle  is  greater  than  one, 
the  program  continues  with  a series  of  DO  loops  which  compare  the 
pulses  two  at  a time  to  determine  their  composition.  The  overall 
approach  for  these  final  determinations  is  initiated  in  accordance 
with  the  sequence  of  steps  a through  d in  paragraph  4. 2. 3. 2. 
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Figure  4-3.  Flow  Chart 
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Figure  4-3.  Flow  Chart  of  ATCRBS  Simulation  Program 
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4. 2.3. 2 Introduction  to  DO  Loops.  All  the  DO  loops  shown  in 
figure  4-3  are  begun  by  a number  of  basic  procedures  designed  to 
establish  the  pairs  of  pulses  (KL^  - KL2  and  NPULS  - KL2)  which 
are  investigated  as  to  their  time  spacing,  power  relationships, 
and  ultimate  disposition.  These  introductory  steps  lead  to  deci- 
sion statements,  or  blocks,  which  distinguish  the  different  flow- 
chart paths  according  to  whether  interrogation  pulse-pairs,  SLS 
pulse-pairs,  or  single  pulses  have  been  supplied  to  the  transponder. 
The  following  discussion  relates  primarily  to  the  KL^  - KL2  inputs 
(figure  4-3)  and  to  the  flow  paths  to  which  the  input  conditions 
lead.  The  NPULS  - KL2  conditions  arrived  at  in  the  decision-making 
process  are  mentioned  at  present  for  continuity  of  discussion.  The 
latter  conditions  are  investigated  further  following  the  complete 
discussion  of  the  KL^  - KL2  conditions.  Statements  a through  d 
below  are  common  to  the  determination  of  the  flow-chart  paths  for 
interrogation  pulse-pairs,  SLS  pulse-pairs,  or  random  single  P2 
pulses  respectively.  The  specific  paths  to  which  these  statements 
lead  are  examined  in  paragraphs  4. 2. 3. 3 and  4. 2. 3. 4. 

a.  If  it  is  determined  that  a number  of  pulses  remains  in  the 
input  array  of  the  present  simulation  cycle,  KL^  is  designated  to 
represent  the  first  of  these  input  pulses  arriving  at  the  trans- 
ponder, and  is  checked  as  to  whether  it  can  be  detected  by  the 
transponder.  (If  it  is  not  detected,  refer  to  statement  d below. 
Otherwise,  proceed  directly  with  statement  b.) 

b.  If  KLj  is  detected  by  the  transponder,  the  next  pulse  is 
entered  by  incrementing  KLj  by  one  and  then  transferring  it  to  the 
KL2  designation.  This  second  pulse  KL2  is  also  checked  to  deter- 
mine that  it  can  be  detected.  (If  it  cannot  be  detected,  refer  to 
statement  d below.  Otherwise,  proceed  directly  with  statement  c.) 

c.  With  both  KLj  and  KL2  established  as  having  been  detected 
by  the  transponder,  the  time  interval  between  the  two  pulses  is 
computed. 

(Note;  For  the  condition  the  KL^  and  KL2  have  been  detected  and 
the  command  for  computation  of  the  time  spacing  between 
them  has  been  initiated,  the  flow  chart  branches  off  in 
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paths  corresponding  to  the  categories  into  which  the  pulse 

arrivals  fall.) 

d.  If  the  KLj  pulse  cannot  be  detected,  it  is  checked,  in 
statement  8000,  to  determine  whether  it  represents  the  next -to- last 
pulse  of  the  input  array.  If  so,  the  next  pulse  NPULS  is  intro- 
duced, and  it  also  is  checked  as  to  whether  it  can  be  detected  by 
the  transponder.  If  NPULS  cannot  be  detected,  there  are  no  more 
pulses  in  the  input  array  for  the  present  simulation  cycle,  and 
transponder  operation  is  initiated  by  program  statement  1203.  If 
NPULS  can  be  detected,  it  becomes  the  first  pulse  entered  in  the 
transponder  with  respect  to  the  pulses  from  the  input  array  of  the 
next  simulation  cycle.  The  pulse  KL2  of  this  new  simulation  cycle 
is  entered  on  the  fact  that  a number  of  pulses  is  available  from 
the  input  array  of  the  second  simulation  cycle,  and  the  time  spac- 
ing is  then  computed  between  NPULS  and  the  KL2  pulse. 

4. 2. 3. 3 Interrogation  DO  Loop.  This  DO  loop  provides  the  step 
sequence  for  determining  whether  pulse  arrivals  from  the  present 
simulation  cycle  input  array  constitute  ATCRBS  interrogations  or 
DABS  interrogations,  and  also  for  recognizing  the  existence  of  a 
random  single  P2  pulse.  The  time  spacing  between  incoming  pulses 
is  determined  to  be  not  greater  than  21.6  microseconds.  Also,  for 
the  interrogation  path,  the  absolute  value  of  the  difference  be- 
tween the  pulse  spacing  and  2 microseconds  is  greater  than  0.425 
microsecond,  as  indicated  in  decision  block  A of  figure  4-3.  An 
extended  analysis  of  the  actual  input  content  is  presented  in  a 
through  f below. 

a.  With  the  time  spacing  between  the  pulses  KL2  and  KL^ 
initially  determined,  a further  inspection  is  made  (in  the  block 
B)  as  to  whether  the  time  separation  between  the  pulses  is  either 
6 microseconds  or  19  microseconds  (plus  or  minus  0.6  microsecond 
tolerance).  If  either  of  these  conditions  is  met,  then  a valid 
P2  is  established  as  available  in  a Pj  • * Pj  pulse  group  and, 

therefore,  a random  single  P2  pulse  is  precluded  at  this  point  in 
the  program. 
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b.  For  the  same  condition  that  a P^  - P^  - P5  group  is 
identified,  the  decision  block  C can  satisfy  only  the  YES  criterion; 
i.e.,  a valid  DABS  Pj  - Pj  interrogation  pulse-pair  exists  in  the 
grouping  of  pulses  being  considered.  The  program  now  continues 
with  a determination,  through  decision  block  D,  as  to  whether  the 
detected  pulse-pair  constitutes  a part  of  the  total  environment,  or 
of  an  interrogator  transmission  beam  within  plus  or  minus  1.25 
degrees  from  the  beam  center,  or  of  the  full  azimuth  beamwidth  of 
4.5  degrees.  (These  determinations  are  related  to  the  calculations 
for  reply  ratios  RRE,  RRC,  and  RRF,  defined  and  discussed  in 
paragraph  4. 1.2.1.) 

c.  The  decision  block  D indicates  the  existence  of  a DABS 
interrogation  by  establishing  that  the  pulse  spacing  differs  from 
12  microseconds  by  an  extremely  small  time  tolerance  (0.1  pico- 
second). The  value  of  12  microseconds  was  chosen  to  distinguish  a 
DABS  interrogation  from  an  ATCRBS  interrogation  in  the  overall 
environment. 

(1)  If  the  pulse  spacing  is  different  from  8 or  21  micro- 
seconds (decision  block  C)  and  also  not  equal  to  12  micro- 
seconds (derision  block  D) , the  pulse-pair  is  not  con- 
sidered to  be  a valid  interrogation  either  from  the 
interrogator  of  interest  or  from  any  other  interrogator 

in  the  environment.  The  DO  loop  is  re-initiated  with 
statement  8001  and  performed  and  repeated  until  the  last 
pulse  in  the  array  is  used. 

(2)  If  the  pulse  spacing  (decision  block  D)  is  equal  to 
12  microseconds  (plus  or  minus  one  picosecond) , then  the 
pulse-pair  is  considered  to  be  a valid  DABS  interrogation. 
The  counter  for  the  interrogator  of  interest  is  incremented 
and  a further  check  on  the  pulse-pair  is  made  in  decision 
block  E.  The  latter  check  distinguishes  a DABS  center 
beam  radiation  (within  1.25  degrees  of  the  boresight  axis) 
from  a full-beam  radiation.  If  the  condition  with  respect 
to  block  E is  verified,  then  the  received  pulse-pair 
qualifies  for  use  in  the  calculation  for  RRC.  The  beam- 
center  interrogation  counter  and  the  valid  interrogation 
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counter  are  both  incremented.  The  latter  counter  is  the 
same  one  incremented  when  an  ATCRBS  interrogation  pulse- 
pair  was  detected.  The  succeeding  steps  for  determining 
the  type  of  aircraft  transponder  and  for  inclusion  of  an 
associated  histogram  are  considered  for  the  remaining 
pulses  in  the  array  in  accordance  with  the  DO  loop  steps 
described  in  the  following  paragraphs  d and  e,  but  rela- 
tive to  the  DABS  interrogation. 

(3)  If,  with  respect  to  decision  block  E,  the  interroga- 
tion does  not  satisfy  the  beam-center  classification, 
then  it  qualifies  as  the  interrogation  to  be  used  in  the 
calculation  for  RRF.  The  valid  interrogation  counter  is 
incremented,  and  the  loop  steps  are  continued  as  was  done 
for  the  previous  two  DABS  interrogations. 

d.  If  the  pulse  spacing  in  the  decision  block  B is  neither 
6 nor  19  microseconds  (plus  or  minus  0.6  microsecond  tolerance), 
then,  according  to  decision  block  C,  the  spacing  is  inspected  as 
to  whether  the  transponder  has  received  a valid  ATCRBS  interroga- 
tion or  a valid  DABS  interrogation  (or  neither).  If  the  pulse 
spacing  is  8 or  21  microseconds  (plus  or  minus  0.6  microsecond),  an 
ATCRBS  interrogation  pulse-pair  has  been  detected.  The  valid 
interrogation  counter  is  now  incremented,  and  the  transponder 
under  consideration  is  checked  as  to  whether  it  is  either  Trans- 
ponder A or  Transponder  R.  If  the  transponder  is  either  of  these 
two,  a histogram  is  provided  for  valid  interrogation  arrivals  at 
the  transponder  for  different  settings  of  the  transponder  sensi- 
tivity, as  indicated  for  the  total  histograms  of  figures  4-13, 
4-16,  4-19,  and  4-22.  The  summations  of  the  values  for  the  incre- 
mented interrogation  histograms  are  obtained  by  successive  opera- 
tions of  the  DO  loop  containing  the  steps  already  covered  and 
including  the  decision  blocks  marked  A,  B,  and  C.  The  loop  opera- 
tions are  repeated  for  all  the  pulses  in  the  input  array  through 
NPULS,  after  which  the  next  simulation  cycle  is  considered. 

e.  If  the  aircraft  transponder  of  interest  is  neither 
Transponder  A nor  Transponder  B,  the  DO  loop  is  re-initiated  (in 
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statement  8001)  with  a check  as  to  whether  the  most  recent  KL2 
pulse  considered  was  the  last  one  (NPULS)  of  the  array.  The  loop 
is  processed  further,  depending  on  the  result  of  the  check,  in 
accordance  with  the  sequence  of  steps  beginning  with  statement 
8001  of  figure  4-3.  The  loop  operation  is  repeated  until  the  last 
pulse  of  the  array  is  reached,  and  the  flow-chart  path  traveled 
depends  on  the  types  of  input  pulses  from  the  array. 

f.  If  the  pulse  spacing  (in  decision  block  C)  differs  from 
8 or  21  microseconds  (plus  or  minus  0.6  microsecond),  the  trans- 
ponder has  detected  a DABS  interrogation  pulse-pair.  The  sub- 
sequent determination  of  the  type  of  DABS  interrogation  for  which 
the  pulse-pair  qualifies  is  made  in  the  same  manner  described  in 
paragraphs  4.2.3.3b  and  4.2.3.3.C. 

4. 2. 3.4  SLS  DO  Loop 

a.  The  SLS  DO  loop  path  is  reached  when  it  is  shown  in  the 
flow-chart  that  the  time  spacing  between  pulses  KL^  and  KL2  has  an 
absolute  value  within  0.425  microsecond  of  2 microseconds.  This 
condition  is  necessary,  but  not  sufficient,  for  establishing  that 
the  transponder  has  detected  a valid  SLS  pulse-pair. 

b.  The  second  condition  to  be  validated  is  indicated  in  the 
decision  block  which  determines  whether  the  power  in  pulse  KL2  is 
at  least  4.5dB  greater  than  the  power  in  pulse  KL^.  If  not,  the 
transponder  has  not  detected  an  SLS  pulse-pair.  The  KL2  pulse  is 
then  checked  as  to  whether  it  was  the  last  pulse  of  the  input 
array  of  the  present  simulation  cycle.  If  not,  a new  pulse  is 
inserted  as  input  to  the  inner  SLS  DO  loop,  and  the  cycle  is  re- 
peated for  computation  of  the  KL^  - KL2  interval  time  spacing  and 
relative  powers.  This  loop  operation  is  continued  until  the  last 
KL2  pulse  (NPULS)  of  the  input  array  has  been  considered. 

c.  If,  on  the  other  hand,  KL2  was  identified  as  the  last 
pulse  (NPULS),  then  input  pulse  KL^  is  checked  as  to  whether,  at 
the  same  time,  KLj  was  the  next-to-last  pulse  (NPULS  minus  one). 

If  not,  the  KL^  pulse  is  incremented  by  one  and  the  outer  SLS  DO 
loop  is  re- initiated.  This  cycle  is  repeated  with  new  values  of 
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KLj  from  the  input  array  until  KI^  does,  in  fact,  become  the  next- 
to-last  pulse  in  the  input  array. 

d.  With  the  conditions  stated  in  c,  and  with  the  last  KL2 
pulse  removed  from  the  present  input  array,  KL^  is  the  only  re- 
maining pulse  in  the  input  array  of  the  present  simulation  cycle. 

As  such,  it  becomes  the  equivalent  of  NPULS  * 1,  and  is  checked 
for  detection  by  the  transponder  (statement  8101  of  figure  4-3). 

If  it  is  not  detected,  transponder  action  begins  with  statement 
1203  of  the  DABS  program.  If,  however,  it  is  detected  by  the 
transponder,  it  is  compared  with  the  first  input  pulse  from  the 
next  input  array  (KL2  - 1 in  this  case).  This  constitutes  the 
first  detected  pulse-pair  of  the  second  simulation  cycle. 

e.  If  the  second  condition  for  a valid  SLS  pulse-pair  is 
met,  i.e.,  KL2  is  at  least  4.5dB  greater  than  KL^,  the  SLS  counter 
is  incremented  by  one,  and  the  (simulated)  aircraft  transponder  is 
checked  to  determine  if  it  is  either  Transponder  A or  B.  If  the 
transponder  is  indeed  Transponder  A or  B,  the  detection  of  the  SLS 
pulse-pair  by  this  transponder  is  indicated  as  part  of  a histogram 
readout.  The  histogram  data  are  provided  for  the  respective  histo- 
gram subscripts  in  the  range  of  receiver  sensitivities  at  which 
the  transponder  is  operating.  These  histogram  subscripts  corre- 
spond to  the  power  levels  marked  on  the  abscissas  of  figures  4-14, 
4-17,  4-20,  and  4-23.  In  the  case  described,  the  cycle  for  Trans- 
ponder A or  B is  repeated,  beginning  once  more  with  statement  8000. 
This  statement  initiates  the  repetitive  sequence  of  steps  (already 
described  in  paragraphs  4. 2. 3.1,  4. 2. 3. 2,  4. 2.3.3,  and  part  of 
4.2.3.4)which  provide  the  following  possibilities  as  to  the  nature 
of  pulses  or  pulse-pairs  in  the  present  or  succeeding  simulation 
cycles : 


(1)  There  are  no  pulses  remaining  in  the  present  simula- 
tion cycle,  and  transponder  action  is  begun. 


(2)  The  last  pulse  of  the  present  simulation  cycle  array 
has  been  detected,  and  it  is  compared  with  the  first 
input  pulse  of  the  next  array. 
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(3)  Pulse-pairs  are  detected  and  their  spacing  and  power 
relationship  are  determined. 

(4)  On  the  basis  of  the  findings  in  (3),  the  input  pulses 
are  analyzed  as  ATCRBS  or  DABS  interrogations,  SLS  pulse- 
pairs,  or  single  random  pulses. 

The  sequence  of  steps  is  repeated  until  the  last  pulse-pair  of  the 
present  simulation  cycle  has  been  considered. 

4. 2. 3. 5 Second  Simulation  Cycle.  The  discussion  in  paragraphs 
4. 2.3.1  through  4. 2. 3. 4 on  program  modifications  for  DABS  adapta- 
tion has  dealt  primarily  with  DO  loops  encountered  during  the  first 
simulation  cycle  of  operation.  For  continuity  of  the  discussion, 
means  were  also  provided  for  entering  the  next  simulation  cycle  and 
for  introducing  a new  set  of  inputs  from  the  input  array  of  the  new 
simulation  cycle.  The  following  text  continues  with  a similar  con- 
sideration of  the  new  array  to  determine  the  nature  of  the  inputs 
arriving  at  the  transponder  of  interest.  Although  some  of  the 
following  remarks  overlap  statements  already  made  during  the  first 
simulation  cycle  analysis  (e.g.,  relative  to  entering  the  second 
simulation  cycle) , they  are  included  here  to  suggest  completeness 
to  the  steps  involved  in  the  second  simulation  cycle. 

4. 2. 3.6  Single  P2  Pulse  DO  Loop.  Statement  8101  of  the  program 
listing  indicates  whether  a single  pulse  (NPULS)  from  the  previous 
simulation  cycle  is  detected  for  comparison  with  the  first  pulse 
of  the  next  input  array.  If  the  NPULS  of  the  previous  simulation 
cycle  cannot  be  detected,  it  is  no  longer  considered  relative  to 
the  new  simulation  cycle,  and  transponder  operation  is  begun  with 
statement  1203  of  the  modified  program.  If  the  NPULS  can  be 
detected  but  no  pulses  are  available  in  the  new  array,  a DO  loop 
is  initiated  (statement  8020)  for  an  index  (I)  array,  beginning 
with  1*1  and  ending  with  I * NPULS,  to  check  whether  the  pulse 
investigated  equals  1.  If  the  separate  pulse,  in  this  case  NPULS 
of  the  previous  simulation,  is  equal  to  1,  then  it  constitutes  a 
single  ?2  pulse.  The  single^  pulse  counter  is  now  incremented, 
and  the  transponder  of  interest  is  checked  to  determine  whether 
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it  is  either  a Transponder  A or  a Transponder  B (i.e.,  a/c  no.  1). 

This  information,  relative  to  the  single  P2  pulse  detected  by  the 
transponder  of  interest,  is  recorded  as  part  of  a histogram  of 
arrivals  of  single  P2  pulses  for  given  values  of  transponder  re- 
ceiver sensitivity.  The  values  for  points  on  the  histogram  are 
related  to  the  power  in  the  pulses,  and  the  points  are  plotted  for 
particular  operating  receiver  sensitivities  as  indicated  on  the 
abscissas  of  the  curves  in  figures  4-15,  4-18,  4-21,  and  4-24.  The 
process  is  repeated  for  the  histogram  plots  through  the  last  pulse 
(NPULS)  of  the  new  array,  after  which  all  values  of  the  NP2PLS 
table  are  reset  to  1 and  the  transponder  operation  is  begun  with 
step  1203  of  the  modified  program. 

4 . 2 . 3 . 7 DO  Loops  for  Pulse-Pair  Comparisons  in  Second  Simulation 
Cycle.  When  it  is  determined  that  the  NPULS  from  the  previous 
simulation  cycle  is  detected  (statement  8101)  , and  also  that  the 
next  simulation  cycle  array  has  inputs  available  for  comparison 
(NPNEJ  is  greater  than  0) , NPULS  is  compared  with  the  first  input 
from  the  new  array.  This  comparison  is  the  first  step  of  a DO 
loop  which  starts  with  the  block  KL2  * 1 and  extends  through  state- 
ment 8003  of  the  program  listing.  The  decisions  made  and  actions 
taken  for  the  newly  introduced  pulse-pairs  in  this  DO  loop  are 
similar  to  those  made  and  taken  for  the  corresponding  pulse-pair 
KLj  - KL2  of  the  previous  simulation  cycle  (paragraph  4. 2. 3. 2). 

The  following  additional  comments  are  pertinent  to  the  second 
simulation  cycle  and  supplementary  to  the  information  provided  for 
the  previous  simulation  cycle. 

a.  If  NPULS  of  the  previous  simulation  cycle  is  detected 

(statement  8101)  but  the  input  pulse  KL2  from  the  new  array  cannot  \ 

be  detected,  then  the  array  is  tested  for  additional  available  | 

pulses  (statement  8003).  If  KL,  was  the  last  puise  (NPNEJ),  then  \ 

* 

NPULS  is  determined  to  be  a single  P2  pulse  (statement  8020  and  | 

affirmative  to  decision  block  F) . The  single  P2  pulse  counter  is  | 

incremented,  and  the  sequence  of  events  following  the  incrementing  1 

is  performed  in  accordance  with  the  sequence  described  in  paragraph 
4. 2. 3. 6.  If  the  KL2  pulse  now  being  considered  is  not  the  last 
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pulse  in  the  array,  another  KL2  pulse  is  entered,  and  a new  deci- 
sion is  made  as  to  whether  it  can  be  detected.  This  loop  sequence 
is  repeated  until  KL2  equals  NPNEJ,  the  last  pulse  in  the  array. 

b.  If  both  NPULS  and  KL2  are  detected  and  the  spacing 
between  then  is  greater  than  21.6  microseconds,  then  the  possibil- 
ity that  KL2  represents  a single  P2  pulse  is  once  more  explored  by 
going  to  statements  8003  and  8020,  and  to  the  subsequent  steps 
already  described  in  paragraph  4.2.3. 6. 

c.  If  both  NPULS  and  KL2  are  detected  and  the  spacing  between 
them  is  equal  to  2 microseconds  (plus  or  minus  0.6  microsecond), 
this  precludes  the  possibility  that  the  last  pulse  of  the  previous 
simulation  cycle  (NPULS)  was  a single  P2  pulse;  actually,  the  2- 
microsecond  spacing  between  NPULS  and  KL2  represents  the  first  of 
two  necessary  conditions  for  acceptance  by  the  transponder  of  a 
valid  Pj  - P2  SLS  pulse-pair.  In  addition  to  the  2-microsecond 
spacing,  the  second  necessary  condition  is  ascertained,  namely, 
that  the  power  in  pulse  P2(KL2)  is  at  least  4.5dB  greater  than  the 
power  in  Pj  (NPULS).  With  these  conditions  met,  the  valid  SLS 
counter  is  incremented,  after  which  the  transponder  of  interest  is 
checked  as  to  whether  it  is  either  Transponder  A or  Transponder  B. 
If  the  latter  condition  is  true,  the  succeeding  steps  are  followed 
for  recording  the  pulse-pair  arrival  data  as  part  of  the  histograms 
in  the  manner  described  in  paragraph  4. 2.3. 6.  The  process  is  con- 
tinued in  the  loop  sequence  until  the  last  pulse  (NPULS)  of  the 
array  has  been  reached.  The  values  in  the  NP2PLS  table  are  all 
reset  to  1,  and  transponder  operation  is  initiated  with  statement 
1203  of  the  program  listing. 


d.  If  the  transponder  of  interest  is  neither  Transponder  A 
nor  Transponder  B,  the  P2  pulse  of  the  pulse-pair  is  checked  to 
see  if  it  is  the  last  pulse  (NPULS)  of  the  array.  If  it  is,  then 
all  the  values  of  the  NP2PLS  table  are  reset  to  1,  and  transponder 
operation  begins  with  statement  1203  of  the  program  listing. 
Otherwise,  additional  pulses  are  compared  with  NPULS  of  the  pre- 
vious simulation  cycle,  and  the  cycle  of  operations  is  repeated 
until  the  last  pulse  (NPULS)  of  the  present  array  has  been  checked. 
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e.  If  only  the  first  condition  for  detection  of  an  SLS  pulse- 
pair  (2-microsecond  spacing)  is  met,  then  statement  8019  must  be 
answered  NO  and  decision  block  G must  be  answered  YES,  in  effect 
establishing  a DABS  interrogation  (P^  - P2  pulse-pair  in  the  pre- 
amble of  the  DABS  interrogation).  The  valid  interrogations  counter 
is  incremented,  and  the  sequence  of  steps  is  continued  as  in  para- 
graph 4. 2. 3. 6 for  determination  of  the  transponder  of  interest  as 
Transponder  A or  Transponder  B,  and  for  recording  interrogation 
arrivals  in  the  associated  histograms. 

f.  If  both  NPULS  and  KL2  are  detected  and  the  pulse  spacing 
is  less  than  21.6  microseconds  but  either  greater  than  2.6  micro- 
seconds or  less  than  1.4  microseconds,  the  pulse-pair  is  tested 
to  determine  if  the  spacing  is  either  6 or  19  microseconds  (plus 
or  minus  0.6  microsecond).  If  it  is  either  of  these,  then  a 
single  pulse  is  precluded.  ^ pi  " P2  ' P3  Pulse  8ro,1P  must  be 
present,  in  which  the  P2  pulse  is  matched  to  the  Pj  pulse  (Pj  - P2 
equals  2 microseconds)  and  to  the  P3  pulse  (P2  - P3  is  either  6 
microseconds  or  19  microseconds).  Decision  block  G in  this  case 
must  be  considered  affirmatively,  since  the  absolute  value  of  the 
difference  between  the  pulse  spacing  and  8 or  21  microseconds  is 
greater  than  0.6  microsecond.  Therefore,  statement  8004  having 
been  reached,  the  condition  prevails  for  investigating  the  exist- 
ence of  a DABS  interrogation.  The  procedure  at  this  point  is 
similar  to  that  discussed  in  paragraph  4.2.3.3c. 

g.  If,  with  NPULS  and  KL2  detected,  and  the  pulse  spacing  as 
in  f,  it  is  determined  in  statement  8019  that  the  pulse  spacing  is 
also  neither  6 nor  19  microseconds  (plus  or  minus  0.6  microsecond), 
further  investigation  through  decision  block  G determines  whether 
the  pulse  spacing  is  8 or  21  microseconds  (plus  or  minus  n.6  micro- 
second). If  so,  an  ATCRBS  interrogation  has  been  detected.  The 
sequence  of  steps  in  the  DO  loop  is  then  repeated  for  all  the 
pulses  in  the  array,  including  valid  interrogation  counter  incre- 
menting, establishing  the  specific  transponder  of  interest,  and 
recording  of  data  for  the  associated  histogram.  Otherwise,  a DABS 
interrogation  is  established,  and  the  sequence  of  steps  discussed 
in  f above  is  again  followed,  beginning  with  statement  8004  of  the 
program  listing. 
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4.2.4  Task  B Program  Listing  Modifications 

The  simulation  program  for  Task  B provides  the  simulator  with 
the  means  for  accomplishing  the  procedures  described  in  paragraph 
4.2.2.  Actual  performance  of  Task  B is  made  possible  by  applica- 
tion of  the  complete  Task  B simulation  program  contained  in  Appen- 
dix C.  The  program  was  set  up  according  to  the  approach  presented 
in  the  main  flow  chart  of  figure  4-4  and  the  auxiliary  flow  charts 
of  figures  4-5  and  4-6.  (Figure  4-4  is  presented  together  with 
the  text  of  paragi.iph  4. 2. 4. 2,  and  figures  4-5  and  4-6  are  in- 
cluded as  part  of  paragraph  4. 2. 4. 3.)  The  following  discussion 
describes  the  flow  charts  as  a basic  sequence  of  steps  in  the 
simulation  procedure  for  determining  the  probability  of  stcond 
misses;  it  also  analyzes  the  relationships  of  the  addenda  of 
figures  4-5  and  4-6  to  the  basic  operational  procedures  indicated 
in  figure  4-4. 

4.2.4. 1 Brief  Description  of  DABS  Second-Miss  Program.  The  pro- 
gram is  begun  with  an  initializing  process  which  provides  the 
conditions  under  which  a series  of  DABS  interrogations  is  to  be 
transmitted  to  each  of  three  assigned  aircraft  transponders.  These 
first  conditions,  which  define  the  initialization,  refer  to  selec- 
tion of  random  initial  positions  for  the  rotating  antennas,  and 
the  initial  setting  of  sweep  phases  and  mode  interlace  phases.  The 
uplink  transmissions,  which  originate  from  a DABS  interrogator 
located  at  the  Philadelphia  International  Airport,  are  radiated  for 
interception  (and  potential  replies),  under  the  given  conditions, 
by  each  of  three  transponders  in  aircraft  located  at  Philadelphia, 
Trenton,  and  New  York  respectively.  Determination  of  whether  these 
transmissions  result  in  hits  (replies  from  the  transponders)  or 
misses  (failure  to  reply)  with  respect  to  the  transponders  under 
consideration  constitutes  the  greater  part  of  the  program  and  the 
flow  charts.  When  the  determination  is  made,  it  is  then  possible 
to  calculate  the  number  of  hits,  the  number  of  first  misses,  the 
number  of  second  misses,  and  the  probability  of  second  misses  with 
respect  to  first  misses  for  different  magnitudes  in  the  initializa- 
tion. 
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a.  Parameters  Related  to  Input  Variables 

(1)  Two  types  of  variable  input  data  are  used  in  deter- 
mining the  probability  of  second  misses:  uniformly  in- 

cremented variables,  and  randomly  selected  variables. 

The  former  are  related  to  the  number  of  second 
misses  occurring  at  regularly  incremented  five-microsecond 
intervals  for  an  investigation  extending  through  10  milli- 
seconds. The  random  variables  have  to  do  with  interroga- 
tor transmissions  uplinked  at  random  times,  but  evenly 
distributed  within  the  same  10-millisecond  period.  (These 
uniform  and  random  time  intervals  refer  to  t and  t'  of 
paragraphs  4.2.2,  4.3.2a,  and  4.3.2b.)  Parameters  used 
in  the  flow  chart  of  figure  4-4  and  related  to  the  input 
variables  are  listed  in  table  4-2. 


TABLE  4-2.  LIST  OF  PARAMETERS  RELATED  TO  INPUT  VARIABLES 


Parameter 

Remarks 

DBHIT 

A counter  which  records  the  number  of  DABS  hits. 

(For  the  meaning  of  a hit  as  used  here,  refer  to 
the  listing  of  miss  criteria  in  paragraph  4. 1.3. 2, 
and  note  ihat  the  absence  of  all  these  miss  criteria 
constitutes  a hit.) 

DBMIS1 

A counter  of  first  misses.  Recording  a miss  on  this 
counter  is  related  to  the  setting  of  a flag  MISSFL, 
described  in  table  4-3.  This  flag  is  initially  set 
equal  to  zero.  If,  with  MISSFLa0,  a DABS  interro- 
gation is  missed  by  a transponder,  the  DBMIS1  counter 
is  incremented  by  1,  and  the  flag  MISSFL  is  set  equal 
to  1.  With  MISSFL*1,  the  next  DABS  interrogation 
miss  becomes  a second  miss,  causing  a second-miss 
counter  DBMIS2  to  be  incremented  by  1. 

DBMIS2 (ITAU) 

A subscripted  counter  used  to  count  the  number  of 
second  misses  for  each  uniformly  incremented  five- 
microsecond  interval  within  the  10-millisecond 
period. 
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TABLE  4- 

•2.  LIST  OF  PARAMETERS  RELATED  TO  INPUT  VARIABLES 

(CONT’D) 

Parameter 

Remarks 

I LOOP 

A counter  expressing  the  number  of  simulation  starts 
in  a range  of  N starts.  This  counter  number  is  used 
to  calculate  first-miss  probabilities. 

PDABSM 

! 

! 

Power  contained  in  a DABS  interrogation  occurring 
at  time  TDABSM.  This  variable  is  predetermined,  and 
is  specifically  assigned  for  each  aircraft  position. 

RANMS2 

: 

! 

A counter  which  records  the  number  of  random  second 
misses.  This  counter  causes  the  program  to  stop 
when  it  reaches  a count  of  50. 

TDABSM 

! 

1 - — - - - 

Time  at  which  a first  DABS  interrogation  miss  occurs. 
This  variable  is  predetermined,  and  is  specifically 
assigned  for  each  aircraft  position. 

(2)  The  random  conditions  referred  to  in  (1)  above  are 
valid  for  a particular  simulation  start  in  the  group  of 
N starts.  A new  set  of  conditions  is  initiated  for  each 
succeeding  start  until  50  random  second  misses  have  been 
counted.  The  initial  conditions  are  inserted  as  inputs 
to  the  program  by  a random  number  generator,  which  pro- 
vides random  inputs  over  a predefined  interval. 

(3)  In  addition  to  the  random  inputs  provided  by  the 
random  number  generator,  the  parameters  relating  to  the 
transponder  under  consideration  are  also  reset  to  initial 
values.  In  this  way  the  transponder  operation  will  be 
relevant  only  to  the  newly  inserted  inputs,  and  inde- 
pendent of  any  past  history  which  may  have  influenced 
the  state  of  the  transponder.  The  parameters  to  be  reset 
and  their  initial  settings  are  indicated  in  paragraph 
4.2.4.1b. 
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(4)  The  probability  of  DABS  second  misses  in  an  environ- 
ment including  ATCRBS  interrogations  is  determined  in  the 
simulation  model  by  the  effect  on  DABS  interrogations 
inserted  into  an  array  of  ATCRBS  pulses.  The  simulation 
program  is  initially  performed  until  a first  DABS  miss  is 
encountered,  following  which  a 10-millisecond  interval  is 
examined  for  possible  DABS  second  misses  within  that 
interval.  A counter  ICK  is  used  to  indicate  the  number 
of  consecutive  2.5-millisecond  simulation  cycles  executed 
for  accumulation  of  ATCRBS  pulses  into  the  array  referred 
to  above.  (When  ICK  equals  4,  the  array  content  repre- 
sents an  accumulation  of  ATCRBS  pulses  over  the  10-milli- 
seconds period.)  The  first  in  the  series  of  second  DABS 
interrogations  is  inserted  into  the  array  one  millisecond 
after  detection  of  the  first  miss,  and  the  transponder 
operation  determines  whether  a hit  or  (second)  miss  has 
been  achieved.  The  result  of  this  action  is  recorded, 
the  previous  second  DABS  interrogation  is  removed,  and  a 
new  second  DABS  interrogation  is  inserted  (5  microseconds 
after  the  previous  second  DABS  interrogation)  into  the 
array  for  a similar  determination  of  a second  miss  or  a 
hit.  This  operation  is  repeated  at  5-microsecond  incre- 
ments for  the  period  extending  through  the  entire  10 
milliseconds.  In  addition,  a random  DABS  interrogation 
is  inserted  into  the  array,  and  determination  is  made  as 
to  whether  a hit  or  a second  miss  was  achieved.  The 
random  DABS  second  miss  is  recorded,  and  the  search  for 

a new  first  miss  is  begun  with  new  initial  conditions. 
This  procedure  continues  until  50  random  DABS  second 
misses  have  been  recorded. 

(5)  Additional  initial  settings  are  required  for  a 
number  of  flags.  The  parameters  used  to  identify  them 
are  defined  in  table  4-3,  and  the  actual  settings  are 
indicated  in  paragraph  4.2.4.1b. 
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TABLE  4-3.  LIST  OF  FLAGS 


Flag 

Remarks 

IRNTFL 

Random  tau  flag 

M1STFL 

This  flag  is  initially  set  to  1.  When  a statement 
in  the  program  inquires  whether  M1STFL  equals  1,  an 
affirmative  answer  indicates  that  the  loop  contain- 
ing this  inquiry  is  being  passed  through  for  the 
first  time. 

j 

f 

’j 

I 

4 

MISSFL 

First  miss  flag  which,  by  its  setting  (0  or  1) 
indicates  whether  or  not  to  anticipate  a second  miss 
when  the  next  miss  occurs. 

j 

1 

i 

MIS2FL 

Second-miss  flag. 

\ 

i 

b.  Initial  Settings  - The  initial  settings  associated  with  -1 

the  parameters  of  paragraph  4.2.4.1a  serve  as  references  for  the 
simulator  in  its  calculations  of  hits  and  first  and  second  misses 

v 

on  the  basis  of  the  given  random  input  conditions.  The  parameters, 

with  their  initial  settings,  are  contained  in  the  first  three  ] 

k 

blocks  of  figure  4-4  under  the  general  heading,  "Initialization".  | 

A compact  presentation  of  the  parameters  is  also  provided  in  table  J 

4-4,  together  with  a brief  definition  and  initial  setting  for  each  | 

parameter.  The  tabular  arrangement  follows  the  arrangement  of  the  f 

parameters  in  the  blocks  of  figure  4-4.  This  ensures  separation  1 

of  fixed  parameters  from  parameters  involved  in  loop  operation,  j 

and  also  presents  as  a group  the  transponder  parameters  which  must 
be  reset  prior  to  a simulation  start. 

(Note:  For  expanded  definitions  of  the  transponder  parameters, 

refer  to  table  3-3  of  Section  3.  Also,  note  that  when 
additional  parameters  are  considered  in  procedures  sub- 
sequent to  initialization,  they  are  defined  in  the  text 
for  that  part  of  the  program  in  which  they  are  used.) 
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TABLE  4 

-4.  INITIAL  SETTINGS  FOR  PARAMETER 
PROGRAM  LISTING 

S IN  SECOND-MISS 

Parameter 

Description 

Initial  Setting 

DABS  Parameters  (Counters,  Time  of  Occurrence, 

Power) 

DBHIT 

Counter,  records  number  of  DABS 
hits 

DBHIT  = 0 

DBMIS1 

Counter,  records  number  of  first 
misses 

DBMIS1  « 0 

< 

DBMIS2 

Counter,  records  number  of  second 
misses 

DMBIS2  * 0 

< 

J 

I LOOP 

Counter,  records  number  of  attempt- 
ed DABS  interrogations 

I LOOP  * 0 

j 

! 

PDABSM 

Power  in  DABS  interrogation  miss 

PDABSM. . .* 

i 

RANMS2 

Counter,  records  number  of  random 
second  misses 

RANMS2  - 0 

1 

1 

.2 

TDABSM 

Time  of  occurrence  of  DABS  inter- 
rogation miss 

TDABSM. . 

n 

1 

*Predetermined.  Changes  with  each  aircraft. 

j 

| 

Transponder  Parameters 

| 

TDESEC(I)  Total  desensitization  due  to  echo 
suppression  when  last  pulse  was 
received  by  transponder  receiver 
of  the  Ifh  aircraft 


TDESRL(I)  Supply  voltage  to  IF  amplifier 
stages  just  after  last  (or  most 
recent)  reply  rate  desensitiza- 
tion 

TDSNEC(I)  Contribution  in  dB  of  echo 

suppression  to  desensitization 
of  transponder  receiver  of  I*h 
aircraft 
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TABLE  4-4.  INITIAL  SETTINGS  FOR  PARAMETERS  IN  SECOND-MISS 
PROGRAM  LISTING  (CONT'D) 


Parameter 

Description 

Initial  Setting 

TDSNRL(I) 

Contribution  in  dB  of  reply  rate 
limiting  to  desensitization  of 
transponder  receiver  of  Ith 
aircraft 

TDSNRL(I)  * 0 

TSNSTV(I) 

Dynamic  (time  varying)  sensitivity 
of  transponder  receiver 

TSNSTV  (I)  « 
TSNSMX(I)* 

TTDSEC(I) 

Desensitization  time  for  last 
pulse  causing  desensitization 
to  occur 

TTDSEC (I)  «= 
-l.E+50 

TTDSRL(I) 

Time  of  last  desensitization 
for  reply  rate  limit  circuit 

TTDSRL(I)  * 
-1.E+S0 

*TSNSMX(I)  is  defined  as  maximum  sensitivity  for  transponder 
receiver  of  the  I*h  aircraft. 


Flag  and  Counter  Parameters 

ICK 

Counter,  related  to  investigation 
of  possible  DABS  second  misses 
when  DABS  interrogations  are 
inserted  into  an  array  of  ATCRBS 
pulses.  The  counter  indicates 
the  number  of  consecutive  2.5- 
mill  isecond  simulation  cycles 
executed  for  accumulation  of  the 
ATCRBS  pulses  into  the  array 

ICK  » 0 

IRNTFL 

Random  tau  flag 

IRNTFL  * 0 

M1STFL 

First-pass  indicator 

M1STFL  - 1 

MIS2FL 

Second-miss  flag 

MIS2FL  * 0 

MISSFL 

First-miss  flag 

MISSFL  * 0 

ii 
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4. 2. 4. 2 Flow-Chart  Analysis  of  DABS  Second-Miss  Program 

a.  The  flow  chart  of  figure  4-4  represents  a block-type 
condensation  of  the  Task  B program  for  achieving  first  and  second 
misses,  and  for  calculating  and  comparing  their  respective  prob- 
abilities of  occurrence. 

b.  Analysis  of  the  flow  chart  is  accomplished  in  the  follow- 
ing sequential  procedure.  In  one  instance,  where  the  intent  is  to 
maintain  overall  continuity  in  the  simulation  process,  one  block 
embraces  a set  of  functions  (e.g.,  block  19,  which  covers  state 
update,  link  calculations,  and  interrogation).  In  the  other  cases, 
the  command  and  decision  blocks  are  covered  in  detail  sufficient 

to  demonstrate  the  means  for  achieving  the  goals  mentioned  in 
paragraph  a above. 

c.  In  the  following  steps  references  are  made  to  block 
numbers  and  statement  numbers.  These  references  are  interchange- 
able. For  example,  decision  block  49  in  the  flow  chart  also 
applies  to  statement  49  (or  step  SECMS  124)  in  the  Task  B program 
of  Appendix  C.  The  sole  reservation  in  this  relationship  is 
block  19,  which  is  a conglomerate  of  procedures  beginning  with 
statement  19  (step  ATCRBS  347)  of  the  Task  B program  and  ending 
with  step  ATCRBS  1190  of  the  program. 

d.  The  following  steps  provide  the  basic  procedure.  Addi- 
tional comment  is  also  included  to  provide  supplementary  background 
not  contained  in  the  mere  statement  of  the  steps. 

(1)  Perform  the  initialization  steps  in  accordance  with 
the  data  provided  in  paragraph  4.2.4.1b. 

(2)  Perform  the  steps  in  block  19  by  starting  with  step 
ATCRBS  340  of  the  Task  B program  and  going  through  the 
sequence  of  steps  ending  with  step  ATCRBS  1190.  Comple- 
tion of  this  sequence  will  satisfy  the  input  processing 
requirements  of  the  following  functional  blocks  in 
figure  2-1  of  Section  2: 
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INITIALIZATION 


DBMIS2 (1801)»0 
RANMS2  * 0 
I LOOP  - 0 
DBHIT  - 0 
DBMIS1  * 0 
TDABSM  * . . . 
PDABSM  * ... 


RANDOM 

INITIALIZATION  OF 
INTERROGATORS  AND 
RESETTING  OF 
TRANSPONDERS 


;iistfl=i 
MISSFL=0 
ICK  >0 
MIS2FL-0 
IRNTFL=0 


INCREMENT  TIME, 

AND  PROCEED 
THROUGH  INTERROGATION- 
FUNCTION  WITH  DABS 
POWER  UNATTENUATED 
BY  AN  ANTENNA 
PATTERN  AND  WITH 
SAVPOW«UPPOWR( 1,1,1) 


PERFORM  TRANSPONDER 
FUNCTION 

IF  DABS  INTERROGATION 
RESULTS  IN  A HIT, 
SET  ITDABS-1 


INCREMENT  SECOND- 
MISS  COUNTER 
DBM1S2  ACCORDING 
TO  VALUE  OF  TALI 


Figure  4-4.  Flow-Chart  Presentation  of  Task  B Simulation  Program 
(Sheet  1 of  3) 


'Rk'.'i,  cr<*. 


RANMS2*50 

? 


ITDABS-1 


CALCULATE  FIRST 
MISS  PROBABILITY. 
PRINT  NUMBER  OF 
HITS,  FIRST 
MISSES,  AND  SECOND 
MISSES 


DBMIS1«DBMIS1+1 
M1SSFL-1 
NPLS2=0 
UPPOKR( 1,1,1) 

«-lono 


Figure  4-4.  Flow-Chart  Presentation  of  Task  B Simulation  Program 
(Sheet  2 of  3) 


o State  update 
o Link  calculations 
o Interrogation. 

Block  19  functions  as  part  of  either  of  two  loops,  de- 
pending on  whether  the  loop  return  terminates  at  block 
20  or  at  block  2.  Choice  of  a particular  loop  for  a 
repeat  operation  depends  on  the  return  path  of  the  most 
recently  traversed  loop,  and  is  based  on  the  following 
analysis  with  respect  to  the  type  of  miss  encountered 
and  the  next  steps  to  be  taken: 

(a)  If  the  return  path  is  to  block  20,  then  a second 
random  miss  was  achieved.  A return  to  block  20  calls 
for  re-initialization  with  a new  set  of  interrogation 
and  transponder  conditions,  and  a repeat  of  block  19 
with  the  new  parameters  as  inputs. 

(b)  If,  instead,  the  return  path  is  to  block  2,  then 

a first  miss  has  been  achieved,  but  the  fiftieth  random 
second-miss  has  not  yet  been  reached.  In  this  case, 
increment  the  antenna  azimuth  setting,  set  the  ITDABS 
flag,  which  represents  a hit  flag,  to  0,  and  repeat 
the  block  19  set  of  steps  for  the  new  parameters. 

(3)  On  completion  of  the  steps  in  block  19,  check  the 
MISSFL  flag  for  a change  in  setting  from  its  initial  0 
setting.  If  it  equals  1,  i.e.,  a miss  has  occurred, 
investigate  statement  49  as  to  the  status  of  the  second- 
miss  flag  MIS2FL.  If  MIS2FL  is  still  equal  to  0,  then  a 
second  miss  did  not  occur.  At  this. point,  determine 
whether  the  set  of  checks  being  made  represents  the  first 
time  through  the  program  after  initialization  of  a new 
set  of  parameters.  This  condition  prevails  when  the 
M1STFL  flag  equals  1 (statement  48),  the  same  as  the 
initial  setting.  Set  M1STFL  to  0 to  preclude  the  possi- 
bility of  once  more  passing  through  a first-time  condi- 
tion. (The  only  time  that  this  condition  can  be  repeated 
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is  a first-time  situation  after  another  simulation  start 
and  a new  initialization  of  random  data.) 

(4)  Increment  loop  counter  ILOOP  by  1 to  record  the 
latest  number  of  simulation  starts.  This  counter  is 
incremented  after  each  simulation  start  until  N starts 
have  been  made,  at  which  time  50  random  second  misses 
have  occurred.  When  this  is  the  case  (RANMS2  a 50),  the 
first  miss  probability  is  calculated,  using  N as  one  of 
the  factors  in  the  calculation.  The  hits  and  first  and 
second  misses  are  printed  out,  and  the  simulation  pro- 
gram stops.  When  RANMS2  is  determined  to  be  less  than  50, 
return  to  block  2,  increment  the  antenna  azimuth,  set 
the  hit  flag  ITDABS  equal  to  0,  and  repeat  the  sequence 
of  steps  beginning  with  block  19  and  continuing  until 
RANMS2  equals  50. 

(5)  If,  in  step  (3),  the  MISSFL  flag  indication  remains 
the  same  as  its  initial  setting,  i.e.,  MISSFL  * 0,  then 
a miss  did  not  occur.  In  this  case,  follow  the  MISSFL 
indication  with  the  DABS  transponder  operation,  beginning 
with  statement  1203  (step  DABS  104  of  the  Task  B program 
listing)  and  continuing  through  statement  7 (step  ATCRBS 
1410).  The  transponder  portion  of  the  program  listing 
determines  whether  the  conditions  were  proper  for  a hit 
to  have  taken  place.  If  a DABS  interrogation  results  in 
a hit,  set  the  flag  ITDABS  equal  to  1.  Continue  with 
statement  49,  check  for  a second  miss,  and  complete  steps 
(3)  and  (4)  for  the  conditions  stated  therein. 

(6)  Decision  block  49  can  show,  as  alternative  to  the 
condition  of  step  (3) , a change  in  the  MIS2FL  flag  from 
the  initial  0 setting  to  a setting  of  1,  in  which  case  a 
second  miss  has  been  achieved.  Following  this  indication, 
a random  DABS  interrogation  can  be  arbitrarily  introduced. 
If,  at  this  point,  a random  DABS  interrogation  has  not 
been  transmitted,  and  if  the  hit  flag  ITDABS  referred  to 
in  step  (5)  does  not  indicate  a hit  during  transponder 
operation  (i.e.,  ITDABS  remains  equal  to  0),  then 
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increment  the  second-miss  counter  DBMIS2  for  the  five- 
microsecond  period  related  to  the  second  miss  considered 
in  statement  49,  and  proceed  to  step  (7).  If,  however, 
transponder  operation  has  indicated  a hit  by  a change  in 
ITDABS  from  0 to  1,  then  bypass  the  incrementing  of 
DBMIS2  and  proceed  directly  to  step  (7). 

(7)  Increment  t by  five  microseconds,  and  also  increment 
the  ctjnter  of  the  time  intervals  considered  by  1 
(ICNT-ICNT+1) . If  x has  attained  a value  greater  than 

10  milliseconds,  set  the  random  t flag  IRNTFL  equal  to  l, 
and  choose  a random  t,  after  which  set  a time  for  a new  DABS 
interrogation  (TNDABS) . Insert  pulses  of  a second  DABS 
interrogation  into  a new  array  of  pulses  going  to  the 
transponder.  Set  the  number  of  the  first  aircraft  con- 
sidered (JAC)  equal  to  1,  reset  the  hit  flag  ITDABS 
equal  to  0,  set  TDSNEC  (I)  equal  to  0,  and  proceed  to 
statement  1361  of  the  program  listing  for  modified  DABS 
transponder  operation  (figure  4-5). 

(8)  Arrival  of  a random  DABS  interrogation  is  verified 
when  the  decision  block  following  block  49  indicates  a 
random  t flag  (IRNTFL)  value  of  1.  The  next  determina- 
tion involves  block  53,  which  distinguishes  a hit 
(ITDABS  » 1)  from  a miss  (ITDABS  =0).  In  the  former 
case,  the  next  step  is  to  return  to  block  20  for  re- 
initialization of  a new  set  of  random  inputs  and  resetting 
of  transponder  parameters.  If  the  latter  case  prevails, 
the  random  second-miss  counter  RANMS2  is  incremented  by 

1 and  the  procedure  of  block  20  is  implemented  as  stated 
above. 

(9)  In  step  (3),  the  M1STFL  flag  was  assumed  to  equal  1, 
implying  a first  pass  through  the  DABS  second-miss  pro- 
gram. If,  alternatively,  the  existing  situation  has 
precluded  a second  miss  (statement  49,  MIS2FL  * 0)  and  the 
DABS  second -miss  program  has  been  traversed  more  than  one 
time  (statement  48,  M1STFL  * 0),  then  statement  27  is 
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examined  for  the  status  of  the  miss  flag  MISSFL.  If  the 
miss  flag  equals  1,  then,  according  to  statement  30, 
increment  the  check  and  control  counter  ICK  by  1.  Store 
the  number  of  pulses  in  the  new  array  TXPND2  into  the 
storage  area  NPLS2.  Check  counter  ICK  for  a count  less 
than  or  equal  to  4.  If  the  count  is  as  stated,  the  pro- 
gram causes  consecutive  2.5-millisecond  simulation  cycles 
to  be  executed  (beginning  at  block  2)  until  the  ICK  count 
equals  4.  This  count  represents  an  accumulation,  over  a 
period  of  10  milliseconds,  of  ATCRBS  pulses  into  an  array 
into  which  DABS  interrogations  are  inserted  for  determina- 
tion of  DABS  first  and  second  misses.  When  the  ICK  count 
is  greater  than  4,  substitute  the  saved  pulse  SAVPOW  for 
the  uplink  pulse  UPP0WR(1 ,1 , 1) . [The  subscripts  (1,1,1) 
refer  to  the  first  interrogator,  first  aircraft,  and 
first  pulse  (Pj)  of  the  Pj  - Pj  interrogation.]  Orde* 
the  pulses  in  the  transponder  arrays  TXPND2  and  PXPND2 
chronologically.  Set  the  second-miss  flag  MIS2FL  equal 
to  1.  Provide  an  initial  value  of  t to  equal  .000995, 
and  set  the  internal  counter  ICNT  equal  to  0,  and  con- 
tinue with  step  (7). 

(10)  If  the  condition  in  step  (9)  is  altered  so  that  the 
first-miss  flag  MISSFL  referred  to  in  statement  27  equals 
0,  then  determine  the  status  of  hit  flag  ITDABS.  If  the 
hit  flag  has  a value  of  0,  then  no  hit  was  involved,  and, 
since  MISSFL  equals  0,  there  have  been  no  misses  yet,  and 
the  present  miss  is  a first  miss.  Therefore,  increment 
the  first-miss  counter  DBMIS1  by  1.  Set  the  first-miss 
flag  MISSFL  equal  to  1,  the  storage  counter  NPLS2  equal 
to  0,  and  the  uplink  pulse  power  UPPOWR(l , 1 , 1)  equal  to 
-1000.  From  this  point,  follow  the  same  procedure  in  the 
portion  of  step  (9)  which  starts  with  statement  30. 

(11)  If  the  hit  flag  ITDABS  in  the  decision  block  after 
statement  27  equals  1,  then,  in  accordance  with  statement 
28,  increment  the  DABS  hit  counter  DBHIT  by  1,  and  reset 
the  hit  flag  ITDABS  to  0.  Check  the  value  of  MCD(ILOOP,) 
1000).  If  it  equals  1,  return  to  block  20  for  the  next 
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simulation  s' art  and  re-initialization  with  a new  set  of 
random  inputs.  If  MOD(ILOOP.IOOO)  equals  0,  calculate 
the  first-miss  probability,  and  print  the  number  of  first 
and  second  misses.  After  this,  return  to  block  20  for 
the  next  simulation  start  and  re-initialization  with  a 
new  set  of  random  inputs. 

4. 2.4. 3 Modifications  to  ATCRBS  Transponder  - The  flow  chart  of 
figure  4-5  and  the  addenda  of  figure  4-6  provide  the  necessary 
changes  to  the  ATCRBS  transponder  program  to  adapt  it  fer  DABS 
operation.  The  combined  information  in  these  figures  establishes 
the  criteria  for  resetting  the  hit  counter  ITDABS  to  1 (indicating 
a hit  according  to  the  1203  block  of  figure  4-4),  or  for  leaving 
ITDABS  at  the  original  value  of  0 (indicating  a miss) . 

a.  Flow  Chart  of  Modified  Transponder.  Figure  4-5  shows  a 
flow  chart  of  a modified  ATCRBS  transponder  program  which  makes 

it  compatible  with  DABS  operation.  Changes  from  the  ATCRBS  trans- 
ponder routine  of  figure  3-3  are  initiated  in  figure  4-5  by  three 
addendum  blocks,  each  of  which  is  labeled  SECOND  MISS  STATISTICS 
followed  by  the  appropriate  ADDENDUM  A,  or  ADDENDUM  B,  or  ADDENDUM 
C.  These  addendum  blocks  serve  effectively  as  inserts  to  the 
original  flow  chart  of  figure  3-3  to  permit  the  transponder  to 
accept  DABS  interrogations.  The  addendum  blocks  encompass  sets  of 
steps  which  are  shown  in  flow-chart  form  for  the  respective 
addenda  of  figure  4-6. 

b.  Analysis  of  Modified  ATCRBS  Transponder.  The  modified 
transponder  capability  is  expanded  by  the  addenda  of  figure  4-6. 
These  are  discussed  in  turn  below. 

(1)  Addendum  A. 

(a)  The  two  incoming  pulses  I and  J are  checked 
for  a valid  DABS  interrogation  pulse-pair  by  noting 
their  time  spacing  (2  microseconds  plus  or  minus 
0.1  picosecond)  and  their  relative  powers.  If  the 
pulses  do  not  qualify  as  a valid  DABS  pulse-pair, 
they  are  checked  for  2 -microsecond  spacing  with 
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Figure  4-5.  Flow  Chart  of  ATCRBS  Transponder  Program  Modifications 
to  Provide  DABS  Operation  Capability 
(Sheet  1 of  6) 
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Figure  4-5.  Flow  Chart  of  ATCRBS  Transponder  Program  Modifications 
to  Provide  DABS  Operation  Capability 
(Sheet  3 of  6) 
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Figure  4-5.  Flow  Chart  of  ATCRBS  Transponder  Program  Modifications 
to  Provide  DABS  Operation  Capability 
(Sheet  6 of  6) 
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Flow  Chart  of  Addenda  to  Modified 
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(Sheet  1 of  5) 
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Figure  4-6.  Flow  Chart  of  Addenda  to  Modified 
ATCRBS  Transponder  Program 
(Sheet  4 of  5) 
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Figure  4-6.  Flow  Chart  of  Addenda  to  Modified 
ATCRBS  Transponder  Program 
(Sheet  5 of  5) 
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ATCRBS  tolerances  (2  microseconds  plus  or  minus 

0. 425  microsecond) , after  which  the  normal  sequences 
already  described  for  the  ATCRBS  transponder  routine 
are  performed  (e.g.,  the  discussion  of  sequences 
beginning  with  statements  1306  and  1308  of  figures 
3-3  and  4-5  is  identical  to  that  of  table  3-4 
described  for  the  ATCRBS  transponder  program) . The 
flow-chart  sequence  in  figure  4-5  is  then  followed 
until  addendum  C is  reached. 

(b)  If  a DABS  interrogation  has  been  established, 

1. e.,  the  JI  spacing  is  within  0.1  picosecond  and 
the  Jin  pulse  power  equals  the  Itn  pulse  power,  then 
additional  pulses  are  examined  to  determine  whether 
the  DABS  interrogation  constitutes  a hit  or  a miss. 
This  determination  is  related  to  the  possibility 
that  the  additional  incoming  pulses  can  interfere 
with  the  DABS  interrogation  and  prevent  a reply  from 
the  transponder  to  the  DABS  interrogation.  The  J 
parameter  used  in  determining  the  validity  of  a DabS 
pulse-pair  is  now  assigned  a parameter  value  K,  and 
a check  is  made  as  to  whether  additional  pulses 
exist  in  the  pulse  array.  (This  is  done  b/  incre- 
menting K by  1 and  noting  whether  K is  greater  than 
NPULS,  the  last  pulse  in  the  array.)  If  no  addi- 
tional pulse  exists  (K  is  greater  than  NPULS) , then 
there  was  no  interference  with  the  DABS  pulse-pair, 
and  a hit  is  recorded  by  the  hit  counter  ITDABS,  as 
indicated  by  statement  1355,  figure  4-5. 

(c)  If  the  additional  pulse  is  less  than  NPULS, 
then  it  is  examined  (figure  4-6)  to  determine  whether 
the  pulse  falls  before,  within,  or  after  the  25- 
microsecond  interval  following  the  DABS  preamble.  If 
the  Kin  pulse  is  less  than  3.5  microseconds  from  the 
Itn  pulse,  then  the  K pulse  has  occurred  during  a 
gap  in  the  DABS  interrogation  format.  Another  pulse 
is  then  examined,  and  the  check  is  repeated. 
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(d)  If  the  pulse  is  greater  than  28.5  micro- 
seconds from  the  1^^  pulse,  s.t  falls  outside  and 
beyond  the  25-microsecond  data  interval  of  the  DABS 
uplink  signal.  This  constitutes  a hit  (no  inter- 
ference to  the  DABS  signal) , and  is  so  recorded  in 
the  hit  counter  ITDABS . 

(e)  If  the  K n pulse  is  between  3.5  and  28.5  micro- 

t h 

seconds  beyond  the  time  of  the  I pulse,  then  the 
pulse  lies  within  the  25-microsecond  data  inter- 
val of  the  DABS  uplink  signal.  The  relative  powers 
of  the  and  1*^  pulses  are  now  checked.  If  the 

il. 

Kin  pulse  power  is  less  than  the  I1  pulse  power, 
the  K n pulse  did  not  interfere,  and  a new  pulse  is 
examined  for  its  effect  on  the  DABS  interrogation. 

f"  H 

(f)  When  the  incoming  K pi^se  is  within  the  25- 

t h 

microsecond  interval  and  the  K pulse  power  exceeds 

t k 

or  equals  the  I1  pulse  power,  this  constitutes 
ATCRBS  interference  and  a resulting  DABS  miss.  A 
new  pair  of  pulses  is  then  examined,  starting  with 
an  I1'1  pulse  which  is  assigned  the  Jt^  pulse  value. 
The  sequence  is  then  continued  with  statement  1316 
of  figure  4-5,  and  new  pulse-pairs  are  examined 
according  to  the  transponder  functions  indicated  in 
figure  4-5  subsequent  to  statement  1316. 

(2)  Addendum  B 

(a)  This  addendum  checks  for  arrival  of  DABS 
interrogations  at  the  transponder  within  a dead-time 
interval  caused  by  ATCRBS  interrogations.  The  ATCRBS 
dead-time  period  encompasses  three  definable  areas 
of  time  coverage: 

- A 3-microsecond  delay  after  interception  by 
the  transponder  of  the  Pj  pulse  of  the  ATCRBS 
interrogation 

- A 20.3  microsecond  interva1  for  transponder 
reply  to  the  ATCRBS  interrogation 
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- A 35-microsecond  dead-time  following  the 
transponder  reply. 

The  DABS  interrogation  is  permitted  to  register  as  a 
hit  in  the  event  that  it  arrives  at  the  transponder 
in  the  final  35-microsecond  interval  of  the  ATCRBS 
dead-time  period.  Note,  however,  that  the  DABS 
interrogation  still  has  to  be  examined,  with  respect 
to  potential  interference  within  the  25-microsecond 
data  interval  of  the  DABS  uplink  signal,  as  to 
whether  the  DABS  interrogation  will  ultimately  be 
recorded  as  a hit  or  whether  it  will  be  a miss.  If 
the  DABS  interrogation  arrives  during  the  3-micro- 
second delay  time  or  during  the  transponder  reply 
time,  it  will  not  be  permitted  to  register  as  a hit. 

(b)  Other  than  the  checks  referred  to  in  (a) , the 
steps  in  addendum  B follow  closely  the  steps  in 
addendum  A,  with  the  additional  distinction  that  the 
concern  in  addendum  B is  for  Min  and  I pulses. 

(3)  Addendum  C. 

Addendum  C checks  within  the  suppression  time  to 
determine  a hit  for  a DABS  interrogation.  A DABS 
interrogation  is  allowed  for  the  total  duration  of 
the  suppression  time;  i.e.,  a DABS  interrogation 
within  this  interval  is  permitted  to  register  as  a 
hit  provided  the  same  test  for  the  DABS  25-micro- 
second interval  is  performed  as  was  described  in  the 
discussion  of  paragraph  (2)  (a)  above.  The  remaining 
checks  for  this  addendum  are  basically  similar  to  the 
previous  addenda  except  for  statement  numbers  which 
revert  back  to  portions  of  transponder  action  already 
discussed  in  table  3-4  with  respect  to  referred 
statements  on  the  blocks  of  figure  3-3. 
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4.3  NUMERICAL  AND  GRAPHICAL  RESULTS 

4.3.1  Outputs  for  Task  A 

4.3. 1.1  Run  Numbers  1 and  2.  Results  of  the  data  gathering 
described  in  paragraph  4.2.1.1b  for  the  two  runs  of  Task  A are 
contained  in  tables  4-5  through  4-9,  and  in  graphic  form  in  fig- 
ures 4-7  through  4-24.  Output  information  relating  to  the  27 
transponders  in  the  three  aircraft  is  provided  for  run  number  1 in 
tables  4-S  through  4-8  and  also  in  figures  4-7  through  4-12.  Sup- 
plementary data  for  Transponders  A ard  B are  provided  as  part  of 
run  number  1,  but  are  included  in  table  4-9  as  a basis  of  compari- 
son with  corresponding  data  for  run  number  2,  also  included  in 
table  4-9.  (Transponders  A and  B correspond  to  transponders  des- 
ignated as  a/c  1 and  a/c  27  respectively  in  tables  4-5  through 
4-8.)  The  results  of  data-taking  and  of  graphic  evaluation  of 
power  histograms  for  run  number  2 are  shown  respectively  in  table 
4-9  and  in  figures  4-13  through  4-24. 

4 . 3 . 1 . 2 Reply  Ratio  Comparisons  for  Different  Suppression  Times 
(Run  Number  1).  Figures  4-7  through  4-12  each  contain  nine  data 
points  relating  reply  ratios  to  transponders  with  different  sup- 
pression times,  and  tables  4-6,  4-7,  and  4-8  provide  the  data  on 
which  these  figures  are  based.  Correspondence  between  table  4-6 
and  figures  4-7  and  4-8,  relating  to  RRC,  is  typical  of  the  cor- 
respondence in  the  ocher  two  categories  - table  4-7  with  figures 
4-9  and  4-10  for  RRF,  and  table  4-8  with  figures  4-11  and  4-12  for 
RRE.  Therefore,  the  following  explanation  of  the  reply  ratio 
relationship  for  the  first  group  (RRC)  will  apply  to  all  three 
categories. 

a.  Any  of  the  nine  data  points  in  figure  4-7  represents  two 
transponders  on  the  same  aircraft  differing  only  in  suppression 
time.  In  this  case,  the  difference  is  between  the  35-microsecond 
reference  and  the  50-microsecond  suppression  time. 

b.  The  data  for  these  points  are  obtained  from  the  nine 
columns  in  the  data  group  of  table  4-6(a).  The  a/c  numbers  in  the 
first  and  third  rows  of  table  4 - 6 (a ) represent  aircraft  trans- 
ponders which,  in  turn,  are  identified  in  table  4-5  with  respect 
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TABLE  4-5.  IDENTIFICATION  OF  AIRCRAFT  TRANSPONDERS  (CONT’D) 


REPLY  RATIO  DATA  TOR  RRC  (BEAM  CENTER  REPLY  RATIO) 


TABLE  4-7.  REPLY  RATIO  DATA  FOR  RRF  (FULL  BEAM  REPLY  RATIO) 


TABLE  4-9.  DATA  FOR  TRANSPONDER  A AND  TRANSPONDER 
INITIALIZATION  OF  INPUT  CONDITIONS  FOR 
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Figure  4-7.  Relative  Reply  Ratios  (Percent)  for  Mode  RRC  and 
Suppression  Times  of  50  and  35  Microseconds 
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Figure  4-9.  Relative  Reply  Ratios  (Percent)  for  Mode  RRF  and 
Suppression  Times  of  50  and  55  Microseconds 
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to  a/c  (aircraft)  number,  location,  suppression  time,  and  MTI. , also 
expressed  as  TSNSMX(JAC) , the  maximum  transponder  receiver  sensiti- 

+•  K 

vity  for  the  J aircraft.  Thus,  in  figure  4-7,  the  reply  ratios 
at  point  A correspond  to  the  relative  number  of  replies,  in  per- 
cent, from  transponders  a/c  25  and  a/c  26  of  the  New  York  aircraft 
with  MTl.s  of  -77  dBm.  Similarly,  point  B indicates  a reply  ratio 
correspondence  with  respect  to  transponders  a/c  16  and  a/c  17  of 
the  Trenton  aircraft  with  MTLs  of  -77  dBm. 

c.  The  procedure  of  paragraph  b is  duplicated  for  aircraft 
transponders  still  in  the  RRC  mode,  but  whose  suppression  times  are 
now  35  and  100  microseconds  respectively.  The  graphic  presentation 
for  the  relative  reply  ratios  for  the  new  combination  of  suppres- 
sion times  is  shown  in  figure  4-8,  and  the  reply  ratio  data  used 
for  the  graphic  plots  are  obtained  from  table  4-6(b). 

4 . 3 . i . 3 Supplementary  Data  for  Transponders  A and  B 

a.  Run  number  1 of  Task  A also  provided  data  relative  to  the 
additional  requirements  for  Transponders  A and  B listed  in  para- 
graph 4.2.1. lb (5 ) . These  data  are  included  in  table  4-9  together 
with  data  obtained  for  corresponding  parameters  in  a second  run 
for  Transponders  A and  B only.  The  latter  run  was  made  following 
a re- initializat ion  of  input  conditions  for  the  simulation  model. 

b.  Runs  numbers  1 and  2 of  Task  A also  furnished  the  power 
histograms  for  Transponders  A and  B.  These  histograms  are  in- 
dicated in  figures  4-13  through  4-18  for  signals  arriving  at  the 
transponder  receiver  at  power  levels  between  -70  dBm  and  -40  dBm, 
and  in  figures  4-19  through  4-24  for  signals  arriving  at  the  trans- 
ponder receiver  at.  power  levels  between  -100  dBm  and  -40  dBm. 

(The  reason  for  using  a dual  set  of  power  level  ranges  in  figures 
4-13  through  4-24  is  given  in  the  Note  following  d below.) 

c.  The  basic  histogram  for  each  figure  provides  the  percent- 
age of  valid  uplink  arrivals  which  the  transponder  receiver  will 
detect  at  a power  level  within  the  given  power  level  range.  The 
percentage  of  arrivals  varies  as  indicated  in  the  histogram  for 
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values  of  power  levels  (dBm)  on  the  abscissa.  !:.ach  transponder 
is  monitored  for  the  following  arrivals: 

(1)  Percentage  of  valid  interrogation  arrivals 

(2)  Percentage  of  valid  SLS  arrivals 

(3)  Percentage  of  single  P,  pulse  arrivals. 

d.  Each  figure  has  two  curves,  which  represent  runs  1 and  2 
respectively.  In  two  instances  (figures  4-13  and  4-16)  an  appear- 
ance of  only  one  curve  signifies  that  the  results  of  the  respective 
runs  are  so  close  as  to  make  the  two  curves  essentially  coincident. 
Where  differences  in  the  runs  are  distinguishable,  those  portions 
of  run  number  1 which  can  be  identified  as  distinct  are  designated 
run  number  l (e.g.,  dashed  lines  in  figures  4- 1a',  4-15,  and  4-17 
through  4-24) . 

(Note:  The  simulation  model  is  programmed  so  that  the  MTL  for 

the  simulated  transponder  receiver  is  nominally  between 
-69  dBm  and  -77  dBm.  With  this  MTL  range  existent,  the 
histograms  for  figures  4-13  through  4-18  were  processed 
for  interrogation,  SLS,  and  single  P2  pulse  arrivals. 
However,  the  requirements  for  the  DABS  investigation  were 
extended  to  include  an  MTL  range  from  -100  dBm  to  -40  dBm. 
The  simulation  model  program  was  therefore  modified  to 
permit  investigation  of  power  distribution  for  trans- 
ponder MTLs  up  to  -100  dBm.  The  resulting  histograms  of 
figures  4-19  through  4-24  were  obtained  with  these  ex- 
tended ranges  for  the  same  criteria  of  pulse  arrivals  as 
noted  above.) 

4.3.2  Outputs  for  Task  B 

a.  First-  and  second-miss  probabilities  for  Transponders  X, 

Y,  and  2 are  given  in  table  4-10.  The  random  time  indicated  in 
the  table  corresponds  to  random  time  x'  mentioned  in  paragraph 
4.2.2. 
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TABLE  4-10.  MISS  PROBABILITIES  FOR  TRANSPONDERS  X,  Y,  AND  Z 


Transponder 
X (Philadelphia) 
Y (Trenton) 

Z (New  York) 


P (First  Miss) 
0.01S 
0.026 
0.058 


P(Second  Miss/First  Miss)* 
0.017 


*For  random  times  between  DABS  interrogations 


0.026 

0.061 


b.  The  second-miss  probability  is  also  provided  in  figures 
4-25,  4-26,  and  4-27  for  Transponders  X,  Y,  and  Z respectively. 
The  probability  is  expressed  as  a percentage  of  second  misses 
relative  to  first  misses  for  time  t from  1 to  10  milliseconds  at 
50-microsecond  increments. 
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5.  CONCLUSIONS 


The  environmental  data  generated  in  the  course  of  simulation 
runs  for  the  tasks  described  in  Section  4 validate  the  realism  of 
the  simulation.  Interrogation  rates,  suppression  rates,  and  reply 
ratios  obtained  by  simulation  correlate  well,  within  allowable 
measurement  errors,  with  flight  test  data  recorded  recently  by 
M.I.T.'s  Lincoln  Laboratory* and  by  MITRE  Corporation.**  Simulation 
data  pertaining  to  system  performance  using  non-standard  trans- 
ponders with  extended  (50-microsecond  and  lOO-microsecond)*  sup 
prcssion  times  reflect,  the  reduced  reply  ratios  in  a manner  that 
one  would  expect. 

The  probability  of  occurrence  of  DABS  misses  was  found  to  be 
sufficiently  low  to  render  ATCRBS  interference  nearly  inconsequen- 
tial. In  fact,  it  was  difficult  to  find  an  aircraft  position  and 
altitude  at  which,  even  with  maximum  transponder  sensitivity,  the 
probability  of  a DABS  miss  exceeded  the  six  percent  probability 
experienced  in  the  vicinity  of  New  York  City.  Those  DABS  interro- 
gation periods  that  resulted  in  relative. y high  probabilities  of 
a second  DABS  miss  are  merely  the  periods  of  nearby  ATCRBS  inter- 
rogators whose  transmissions  continued  to  interfere  synchronously 
with  DABS  interrogations  once  the  first  miss  was  experienced.  In 
this  case,  DABS  interrogation  scheduling,  like  current  assignment 
of  ATCRBS  interrogation  repetition  frequencies,  will  minimice  this 
synchronous  interference  phenomenon  by  a judicious  choice  of  the 
DABS  interrogation  period  or  by  use  of  a randomly  jittered  period. 
The  fact  that  second-miss  probabilities  approximate  the  low  first- 
miss  probabilities  (both  for  a random  DABS  interrogation  period 
and  for  most  of  the  interrogation  periods  plotted  in  figures  4-25 
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through  4-27)  should  facilitate  the  scheduling  of  DABS  interroga- 
tions. Moreover,  potential  increases  in  beacon  interference  due 
to  the  growth  of  air  traffic  in  the  years  ahead  will  be  offset  by 
the  following  developments: 

o Continuation  of  ATCRBS  power  reduction  by  the  FAA  and  the 
Military 

o Future  consolidation  and  control  of  military  interrogator 
sites 

o Development  of  more  reliable  transponders 

o Implementation  of  ATCRBS  improvements. 
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